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This dissertation is dedicated to John and Frank 
Craighead, Edward Abbey, Henry David Thoreau, Aldo Leopold, 
Paul Ehrlich, Annie Dillard, Roger Tory Peterson, John 
McPhee, sue Hubbell, and others who have encouraged us to 
explore and appreciate the natural world. There is no 
greater gift. 
One final paragraph of advice: Do not burn yourselves 
out. Be as I am - a reluctant enthusiast ... a part-time 
crusader, a half-hearted fanatic. Save the other half 
for yourselves and your lives for pleasure and 
adventure. It is not enough to fight for the land; it 
is even more important to enjoy it. While you can. 
While it is still there. so get out there and hunt and 
fish and mess around with your friends, ramble out 
yonder and explore the forests, encounter the grizz, 
climb the mountains, bag the peaks, run the rivers, 
breathe deep of that yet sweet and lucid air, sit 
quietly for a while and contemplate the precious 
stillness, that lovely, mysterious and awesome space. 
Enjoy yourselves, keep your brain in your head and your 
head firmly attached to the body, the body active and 
alive, and I promise you this much: I promise you this 
one sweet victory over our enemies, over those desk­
bound people with their hearts in a safe deposit box 
and their eyes hypnotized by desk calculators. I 
promise you this: you will outlive the bastards. 
(Edward Abbey, 1986, The Earth Speaks) 
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AB STRACT 
Dat a on age , sex , body m e a su r emen t s , surv i v a l , and 
reprodu c t ive c ond i t ion w e r e  c o l l e c t e d  f rom 1 7 02 b l a c k  b e a r s  
(U r s u s  ame r i c anus ) t rapp e d  i n  t h e  Smoky Moun t a i n s  (SM ) , 
1 9 7 2- 1 9 8 9 .  The age s t ruc t u r e  s u g ge s t e d a l i ght l y  to 
mode r a t e l y  e xp l o i t ed b e a r  p o pu l a t ion . B e a r s  o f  Gre at Smoky 
Mount a i n  Nat i o n a l  Park (GSMNP o r  Park ) were s i gn i f ic an t l y 
(f = 0 . 0 26 ) o l der (me an = 4 . 5 2 yr ) than tho s e  o f  Chero k e e  
Nat i o n a l  F o re s t  ( 3 . 7 4 yr ) b u t  n o t  t ho s e  o f  P i s gah {3 . 8 6 yr ) 
Nat i o n a l Fore s t  (f � 0 . 0 7 6 ) . SM f em a l e s  had a m e an 
m i n imum r eprodu c t i v e  age o f  4 . 2  yr , b i r th i n t e r v a l  o f  2 . 4 
yr , and l i t t e r  s i z e  o f  2 . 0 c ub s . The p e r c e n t a g e  o f  
l a c t a t ing f em a l e s  was s i gn i f i c an t l y  a s s o c i a t ed w i th age (X 2 
20 . 6 ,  2 d f , P < 0 . 00 1 ) , and l ac t at ion r a t e s  were 
s i gn i f i c an t l y  r e l a t e d  to wh i t e  oak m a s t  produ c t i o n  (r2 = 
0. 5 1 , f � 0 . 0 1 ) . The annua l  mort a l i t y  r a t e  was 2 6 % and was 
l owe s t  for Park b e a r s  ( 22 % ) and h i gh e s t  for th o s e  of  t h e  
n a t i o n a l  f o re s t s  ( 3 0% ) . De n s i ty ranged f rom 0 . 0 9 t o  0 .35 
b e ars/km2 , and the int r i n s i c  r a t e  o f  growth ( 2 - 1 1 % )  
i n d i c a t e d  a s l i gh t l y  t o  mode r at e l y  i n c r e a s i n g  popu l a t i o n . 
B o t h  e x t r i n s i c  and i n t r in s i c  f ac to r s  gov e rn the 
popu l a t ion . Food is th e c h i e f  con t r o l  o f  b e a r  
reprodu c t i o n . Hu n t i n g  mo r t a l i ty app e ars to r e gu l a t e  th e 
b e ar popu l a t i o n  i n  the n a t i o n a l  f o r e s t s , and m a l e  
aggre s s i on and s ub s equent s ub adu l t  d i s p e r s al gov ern b e a r  
vi i i  
abundance of t h e  l e s s - e xp l o i t e d  P a r k  popul a t i o n . Given 
t h e s e  fact o r s , and the cumu l at ive effect s of incon s i s t e n� 
hard m a s t  product i on, p o ach i ng , and a h ab i t a t  t h r e a t e n e d  b y  
the gyp sy moth ( L ym an t r i a  d i s p a r) ,  ro ads, a n d  r e s o rt 
deve l opme n t , t h i s  b e ar popu l at i o n  may be j e opardi z ed .  
Gende r was a s s oc i a t e d  w i t h  t h e  b e a r ' s s t a t u s  ( i . e . , 
panhandl e r/w i l d) ( p anh andl e r: 6 0 %  m a l e, wi l d :  5 4% m a l e, P = 
0 . 0 5 6) . W i l d  m a l e  b e a r s  w e r e  s i gn if icant l y  o l de r  th an 
panhand l e r  m a l e s  (3 . 9  vs 2 . 9  yr , � = 0 . 0 0 0 1 ) ;  w i l d  fem a l e  
b e a r s  we r e  o l de r  than p anhandl e r  fem a l e s  (4 . 9  v s  3 . 7  yr , � 
= 0 . 0 0 4 ) . Ma l e  and fem a l e  panhand l e r s  w e r e  s ign ificant l y  
h e avi e r  t h a n  t h e i r  w i l d  co un t e rp a r t s  (f < 0 . 0 5 ) ,  and 
panhand l e r  b e a r s  grew fa s t e r  than w i l d  b e a r s . The numb e r  
of l act a t i n g  femal e s  w a s  s i gn ifica n t l y  a s s oc i a t e d  with 
s t a t u s  (P < 0 . 0 0 1) ;  5 6 %  of the p anhandl e r  and on l y  3 3 % of 
the w i l d  fem a l e s  w e r e  l act a t i ng . 
P a nhandl e r s  w e r e  m o r e  fe r t i l e  and l a rge r than w i l d  
b e a r s  l i k e l y  r ef l ect i n g  t h e  p anh an d l e r s' b e t t e r  acce s s  t o  
and u s e  o f  h i gh - e n e r gy , hum an-m ade foods p a r t icu l a r l y  
dur i n g  y e a r s  o f  n a tu r a l  food sho r t age . Sm a l l  amo unt s  of 
t he s e  foods , the ava i l ab i l i t y of wh ich v a r i e s  w i th 
p anhand l e r  b e ar management, app e a r  t o  make diff e r e nce s i n  
b o dy s i z e . D i s p e r s a l  and t h e  l a r g e  hom e - r an g e  si z e  of t h e  
ma l e s  and s ub adu l t s  p r o b ab l y  exp l a i n the p ropen s i t y of 
the s e  b e a r s  to become p anhandl e r s . Th e above f i nd ings a s  
we l l  a s  d iffe r e nce s in demogr aph ic ch a r act e r i s t ics among 
ix 
wild b e a r s  w i t h i n  the Smoky Moun t a i n s  are fur t h e r  d i scu s s e d  
as th e y  r e l a t e  t o  t h e  nut r i t i o n a l  qu a l i t i e s of t h e  
e nv i r onment .  
Neck and ch e s t  ci rcumf e r e nces and t o t a l  l ength were 
s i gn ificant (P  s 0 .0 0 0 1 ) pre dict o r s  of b ody w e i gh t . The 
pred ict ive capab i l i t i e s  of t h e s e  v a r i ab l e s  w e r e  r e l i ab l e, 
e s p ec i a l l y  at the l ow- t o - m i d  r an g e  of b e a r  w e i gh t s . Thi s  
pred ict i v e  r e l at i o n s h i p  should e a s e  th e co l l ect i on of 
we i gh t  dat a  o n  b l ack b e ar s  in the Smoky Moun t a in s . 
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INTRODUCTI ON 
Enc roachment on ec o s ys tem s  i n c rea s es w i t h  grow ing 
res ource needs of a burgeo n 1 n g  hum an popul a t i o n . Fo r 
examp l e , fores t s  c overed ab o u t  one- f ou r t h  o f  the earth ' s  
l and area in 19 6 0 , but, by the year 2 0 0 0 , they l i kely w i l l  
cover o n l y  o ne- s ixth (Harr i s  19 8 4 ) . We mus t  del i neate 
today ' s  ec o s ys tem s  t o  no t on l y  c a t a l o g  wh at ex i s t s ,  but to 
t r a c k  c h anges, b o t h n at u r a l  and human - i n f l uen c ed, over 
t ime . 
Popul a t i o n s  o f  an i m a l s ,  p a rt i c u l a r l y  l ar ge c a rnivores , 
are c r i t i c a l  i n  m a i n t a in in g  the ec o l og i c a l i n tegr i t y o f  
ec o s y s t ems ( Terbo rgh 1 9 8 8 } and c an serve a s  indi c a t ors o f  
thei r hea l th (Mec h 1 9 7 0 , Pel ton and Beem an 1 9 7 5 ,  Cr a i ghead 
1 9 8 9 ) . The s t a t u s  o f  an i m a l s  a t  the top o f  the f o o d  c ha i n  
ref l ec t s  the wel l -being o f  an imal and p l ant popu l a t ions 
l ower i n  the c h a i n . If  we c an mon i t o r  the hea l th o f  
popu l a t i o n s  of an i m a l s  at the top and , as a c o n s equence, 
the eco s ys tem, then perh ap s we c an better m a n a ge o u r  
n a t u r a l  res ources and , u l t im a t e l y , ourselves . 
1 
From 1 9 6 9  to 1 9 8 9 , research was c ondu c ted on the b l ack 
bear, Ur s us americanus ,  i n  the Smoky Mo unt a i n s  of Tennes see 
and No rth carol i n a . Dur i n g  these years , Dr . Mike Pel ton 
and a team o f  over 20 g r adu a te s tuden t s  c omp i l ed a 
s i gn i f i c an t  d a t a  b a se o n  t h i s  l arge m ammal . Lon g - t erm 
studies of l a rge, long- l i ved mamm a l s  are rare yet p rov ide 
2 
the o n l y  means t o  f u l l y  app rec i a te the 1 r  popu l a t i on 
dynam 1 c s  ( Sm i t h  and Fow ler 1 9 8 1 ) . The f o l l ow1n g 3 ch apters 
represent an a ttempt t o  c o mp i le and s yn thes i ze th i s  
i n f o rmat ion , thereb y  i mp r o v i n g  o u r  unders t andi n g  o f  th i s  
b l a c k  bear popul a t i o n  and i t s  c h a n ges over t ime . It a l s o  
i s  h oped th i s  a n a l ys i s  w i l l  f unc t i o n  a s  a b a s i s  f o r  f u t u re 
research on an a n i m a l  th a t  serves a s  an i nd i c a t o r  o f  t he 
hea l th o f  the Sm oky Mou n t a i n s ' e c o sys tem. 
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PART I 
THE POPULATION DYNAMICS OF BLACK B E AR S  
IN THE SMOKY MOUNTAIN S 
5 
INTRODUCTION 
H ab i t at l o s s and f r a gmen t a t i o n  c on s t i t u t e  c on s i de r ab l e  
th r e a t s  t o  w i l dl ife popu l a t i o n s  (Da s m ann 1981, H a r r i s  
1984). B l ac k  b e a r s  (Ur s u s  amer i c anus ) have l o s t  o v e r  90% 
of t h e i r  o r i g i n a l  range i n  the s outhe a s t e rn Un i t ed s t a t e s  
( P e l ton 1986), and muc h o f  wha t  rema i n s  lie s i n  s c a t t e r e d  
t r a c t s  o f  publ i c  lands (Ma e h r  1984 ). D u e  to t h e i r  
s en s i t i v i ty t o  h ab i t a t  a l t e r a t i o n s, b l ac k  b e a r s  a r e  
c o n s i d e r e d  e n v i ronmen t a l  i n d i c at o r s  ( P e l t o n  a n d  B e e m an 
1975) . A s  s uc h , and t o  e n s u r e  p roper management, an 
unde r s t and i ng of the i r  popu l a t i o n  dyn amic s i s  e s s en t i a l . 
6 
In p o r t i o n s  of the Smoky Moun t a i n s  (SM o r  S m o k i e s ) ,  
s u c h  a s  Che r o k e e  (CNF ) and P i s gah ( PNF ) Nat i o n al F o r e s t s ,  
b l ac k  b e a r s  a r e  l e ga l l y  h a r v e s te d  though p o a c h i n g  i s  a 
s i gn i f i c ant s o u r c e  of m o r t a l i ty a s  we l l . I n  Gre a t  Smok y  
Moun t a i n s  N a t ional Park (GSMNP o r  P ark ) l e g a l  h a rve s t  of 
be a r s  has been p r ohib i t ed for over so yea r s, but po ach ing 
p e rs i s t s . To b e t t e r  unde r s t and the s urviva l ,  movement s ,  
den s i ty, and rep roduc t i on of be ars of th e s e  moun t a in s , 
re s e arche rs h ave co l l e c t ed i nforma t io n  for ne a r l y  20 year s . 
The purpo s e  of thi s  study i s  to a s s i m i l a t e  the c o l l e c t e d  
i nformat io n  and ch arac t e r i z e  th i s  bla c k  b e a r  popul a t ion . 
S p e c if i c a l l y, the ob j e c t i v e s  are t o  evalua t e  the 
popu l at ion's age and s e x  s t ruc ture, to e s t im a t e  a ge ­
s p e c i f i c  mo rt a l i ty and n a t a l i ty , ab undanc e ,  and popu l a t ion 
growth , and t o  e l ucidate the p r i n c i p a l  f ac t o r s  c on t ro l l in g  




Gre at Smo ky Moun t a i n s  N a t i on a l  P a r k, v i s i t e d  by ne a r l y  
1 0  m i l l i o n  p e o p l e  annua l l y/ i s  l o c a t ed i n  e a s t e rn T enn e s s e e  
and we s t e r n  N o r th Caro l in a  ( F i g . 1 . 1 ) . App r o x i m a t e l y  1/4 
(506 km2 ) of the P a rk/ the no r thwe s t  por t ion, s e rv e d  a s  one 
s tudy area from 1968-1989. The P ark i s  c h a r a c t e r ized by 
s t eep r i dges,  n a rr ow v a l leys, cove s , and fas t -flowing 
s t r e am s  ( K i n g  and Stupka 1950). E l e v a t i o n  r ange s from 230 
to 2035 m ( P e l t o n  e t  a l . 1980). Ave r ag e  t e mp e r a t u r e s  v ary 
from 14 °C at l ow e l e v a t i o n s  t o  soc a t  h i gh o n e s ( Sh anks 
1954 ). con s i de re d  a t emp e r a t e  r a i n  for e s t  ( Thornthw a i t e  
194 8), the P a r k  r e c e i v e s  14 0 e m  o f  annu a l  p r e c i p i t at ion a t  
l ow e l e v a t i o n s  a n d  230 em a t  h igh e l e v a t i on s  ( St ephens 
1969). Six m ajo r for e s t  t ype s a r e  r e c o gn ized ( Shanks 
1954 ): cov e h ar dwood, hem l o c k  ( Ts u g a  r:anaden s i sl, northern 
h ardwo o d , open oak - p 1 n e  (Que r c u s  spp . -P i n u s  spp.), clos e d 
o a k1 and s pr uc e -f i r  {P i c e a  r ub e n s -Ab i es fra ser i). 
Unde r s t o ry v e g e t a t i o n  i s  dom i nated by mount a 1 n  l aurel 
(Ka l m i a l a t ifol i a) ,  rhodo dendron ( Rhododendron s pp.) , 
bluebe r r i e s  {Va c c in i um s pp . )  and hu c k l e b e r r i e s  ( G ay lu s s ac i a  
s pp . ) .  
The P i s g ah N a t i o n a l  Fore s t  study a r e a compr i s e s  114 km2 
(Brody 1984 ) i n  we s t e rn North Carol i n a  (F i g . 1.1). Th i s  
a re a , n o r t h e a s t  of GSMNP, is  s im i l ar to the P ar k  in terms 
of cl i m a t e  and g e o l ogy . E l e v a t i on s  c ommon l y  r ange from 
F1g. 1.1. Location of Gr eat Smoky Mountain s Nat1onal Park 
and C h e r o k e e  an d P i s gah Nati o nal F o r e s t s  in e a s t e r n  
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4 3 9  t o  1 4 1 1  m ( B e r inger 1 9 8 6) .  O f  the n e a r l y  2 000 p l a n t  
spe c i e s  ident i f i e d i n  t h i s  n a t ion a l  f o r e s t , seve r a l  a r e  
p r e do m i n an t  i n  t h e  ove r s t o r y  inc l uding wh i t e  ( Qu e rcus 
a l b a ) , northern r e d  ( Qu e r c u s  rubr a ) ,  sc a r l e t  ( Qu e r c u s  
c o c c i n e a ) a n d  c h e s tnut o a ks (Qu e r cus p r i nus ) ,  h i ckory 
( Carya s pp . ) and ye l l ow-pop l a r  ( L ir i odendron t u l i p i f e r a ) ;  
n e a r l y  9 0% o f  the s tudy a r e a  i s  i n  h a rdwoods w i th o ak o r  
o ak - a s s o c i a t e s  c o mp r i s i n g  7 4 % ( USFS 1 9 8 1  i n  B e r in g e r  1 9 8 6 ) . 
In 1 9 7 1 ,  t h e  a r e a  was de s i gn a t ed a s  the Harmon Den B e a r  
s an c t u ar y  w i t h hun t i ng r e s t r ic t e d  t o  t h a t  o f  sm a l l  g am e  
( e x c l uding r a c c o o n ) and d e e r  ( B e r in g e r  1 9 86 ) . T h e  a r e a's 
h i gh r o ad de n s i t y provide s e a s y  a c c e s s  f o r  hunt e r s  and 
o t h e r  r e c r e a t i o n i s ts , and be a r  p o ac h i n g  w i th i n  and a r ound 
the s a n c tu ar y  is a s i gn i f i c an t  s o u r c e  of mort a l i ty . 
L o g g i n g  op e r a t i o n s , m an a g e d  b y  the U .  s .  F o re s t  se rvi c e , 
c on t i n u e  t o day though n o t  w i th the same i n t en s i ty of th o s e  
o f  t h e  e ar l y  1 9 00 ' s ( B e ri n g e r  1 9 8 6 ) . The Unive r s i t y  o f  
Tenne s see has conducted black bear research in P isgah 
Nat i o n a l  F o r e s t  s i n c e  1 9 8 1 . 
To the s outhwe s t  o f  t h e  P a r k  l i e s  the Che rokee 
Nat i on al Fo r e s t s tudy a r e a ( Fi g . 1 . 1 ) . I t  i s  situ ate d 
w i th i n the Te l l i c o  Ranger D i s t r i c t, Tenn e s s ee, and 
c o n s t i t u t e s  about 7 60 km2 (C l eve n g e r  1 9 8 6 ) . It a l s o  i s  
s i m i l a r in ge olo gy and c l i m a t e  to t h a t  o f  the P a rk 
( Cl evenger 1 9 82 ) . E l ev at i o n s  range f rom 450 to 15 5 0  m ,  and 
the a r e a i s  gene r a l l y ch a r a c t e r i z e d  b y  s t e ep moun t a i n s  and 
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fas t- f lowi n g  s t r eams ( Cl ev enge r 1 9 8 6). It is 9 9 %  fore s t e d  
w i t h  5 majo r p la n t  commun i t ie s  r ecogn iz e d : cove har dwood, 
nor t h e r n  ha rdwoo d , oa k-h i c kory, p in e , and m e s i c  hemlock 
( C l ev e n g e r  1 9 8 6) . Th e for e s t  cov e r  wa s s i gn i f i cantly 
a l t e re d  b y  logg i n g  and a s so c iat e d  f i r e s  unt i l  the For e s t  
S e rv i c e  purchas e d  the land i n  the 1 9 30's ( Cl evenger 1 9 8 6). 
A 1 2 4-km2 s egm e n t  of the s tudy a r ea s er v e s  a s  a b e ar r e fuge 
r e s e rv e d  fo r sma l l  gam e  hun t ing (Cl evenger 1 9 8 6) . B la c k  
b ea r s  w e r e  t rapp e d  i n  an appro x ima t e  8 0-km2 por t ion o f  t h e  
s tudy a rea . B la c k  bear da ta we r e  co l l e c t e d  i n  the Che ro k e e  
s tudy a r ea f rom 1 9 7 2 - 1 9 8 3. 
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MAT E RIALS AND METHOD S 
B lack bears were t rapp e d  June through S ep t e mb e r , 1 9 7 2-
1 9 8 8. T rapp i n g  and mark i n g  t ech n i qu e s  o u t l ined by Johns on 
and P e l t on ( 1 9 80�, �) were emp l o ye d , t ho u gh barre l t rap s 
s ome t im e s  wer e  u s e d . Bears were s e dat e d  w i th a 20: 10: 2 
mg/ml m ixture of ketam ine , rompun , and carboca ine ; in the 
f i r s t y e a r s  of the s tudy , other i mmob i l iz in g  drugs were 
e mp l o ye d  ( Co o k  1 9 82). Bears wer e  we i gh e d  with sp r ing 
sca l e s  ( 300- and 5 0 0 - lb capac i t y ) t o  the n ea re s t  pound , 
and we i ght s lat e r  were conv e r t e d  t o  k i l o grams . To a ge 
b e a r s , the f i r s t  premola r , a ve s t i g ia l  t o o th , was 
extrac t e d ,  s ect i o ne d ,  and s ta i ne d  ( Ea g l e  and P e l t o n  1 9 7 8) .  
Age s  were a s s i gn e d  accor d i n g  to W i l l ey ( 1 9 74), and b ea r s  � 3  
yr wer e  con s i dered adul t s . The fema l e  bear' s  r eproduc t ive 
condi t io n  was eva l uated v ia vulva and t ea t  e xam i na t ion and 
the p r e s ence of youn g . P i t ocin o r  oxyt oc i n  w a s  
admin i s t e r e d  to h e lp det ect l act a t ion . B eg i n n i n g  i n  1 97 8, 
radio-co l la r s  were f i t t e d  t o  fema l e s  enab l in g  u s  to loc a t e  
them in w i n t e r . 
D u r i n g  w i nt e r , 1 9 7 8- 1 9 8 9, the reproduc t i v e  s t at u s  of 
den n i n g  fema l e s  was a s s e s s e d . The p r e s e nc e  of youn g  w a s  
n o te d ,  and s o na gram a na l ys i s  s ome t ime s wa s u s e d  t o  
de t e rm i n e  cub numb e r  ( Wathen 1 9 8 3). 
The max i mum p e rcent product ion index ( MP PI ) 
( Pozzanghe ra 1 9 90) and the Wh i t ehead index ( C. J. 
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Wh i tehe ad , oak m a s t  y i e l d s  o n  w i l dl if e  m an agement areas in 
Tenne s s e e , Tenn . G am e  and F i s h , unpub l . r ep . , 1 1pp . , 1 9 6 9 ) 
( s e e  Appendix A )  were u s e d  t o  as s e s s  h ard m a s t  product ion . 
The M P PI i s  comp a r ab l e  t o  the Wh i te h e a d  index but improv e s  
on i t s  shortc om i n g s ; app aren t l y , t h e  c a lcu l at i o n  of the 
Whi t eh e ad inde x  h a s  n o  "b i o l o g ic a l  r a t i o n a l e" (Nicho l a s  and 
Wh i t e  1 9 8 4 : 2 3 ) . O n l y  the M P PI r e s u l t s  are repo r t e d . 
F i e l d  data we r e  o rg a n iz e d  and s t at i s t ic a l l y  a n a l yz ed 
w i th the s t at i s t ic a l  An a l ys i s  Sys t e m s  p roce du r e s  ( SAS 
Ins t i tu t e  1 9 8 5 ) . B ec au s e  w i thin-year recap t u r e s  we re l ow 
(< 5 % ) and t o  i nc o rp o r a t e  a l l  the d at a , r ec ap t u r e s  were u s e d  
i n  t h e  analys i s  un l e s s  o t h e rw i s e  indicat e d ;  an a l ys i s  u s ing 
only indiv i du a l  b e a r s  was s im i l ar in t e rm s  of s i gn if icant 
r e s u l t s  (McLean u npub l . dat a; s e e  part II) . Whe r e  s amp l e  
s i z e s  for the n at io n a l  for e s t  s tudy a r e a s  w e r e  t o o  s ma l l  
and t h e  d a t a  for t he s e  a r e a s  were comp a r ab l e , dat a  were 
comb ined t o  make m e an ingfu l  s t at i s t ic a l  comp a r i s on s. 
R eproductiv e  r a t e s  were c a lcu l at ed by mul tip lying the 
p ercentage of l ac t a ting f em a l e s  by the average l it t e r  s i z e  
for e ach age c l a s s  ( S t i r l i n g  e t  a l . 1 9 8 0 , Kol e n o s ky 1 9 9 0). 
Age of p r i m ipar i ty ,  b a s ed on e v i de nc e  of l ac t a t io n  and/o r  
p r e s e nc e  of young, and b i rth i n t e rv a l  we r e  d e t e rm i n e d  from 
r eproduc t i v e  h i s to r i e s . M or t a l i t y  r a t e s  w e r e  f i gured f rom 
l if e  t ab l e  {Cr a i gh e ad e t  a l . 1 974, caugh l ey 1 9 7 7 ) and 
c apture an a l ys e s  ( P rogram J o l l y, P o l l ock et a l . 1 9 8 9 ) ;  the 
few drug- o r  t r ap - r e l a t e d  m o r t a l i t i e s  w e r e  e xc l uded from 
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th e s e  ana l ys e s. Program J o l l y  genera t e d  p op u la t ion 
e s t imat e s  for the s tudy a r ea . The i n t r ins ic rat e  of 
p opu lat i on growth , r ,  wa s s o l v e d  by u s in g  the equa t i on , 
�lxe -r�mx = 1 {Caugh l e y  1 977) . R e gre s s i o n , corre lat i o n , 
and t e s t  of independence {Ch i - squar e ) wer e  u s e d  t o  t e s t  the 
l eve l of a s s oc ia t i on b e tw e e n  var iab l e s. The T - t e s t  or 
ANOVA s e rv e d  t o  compa r e  m ean s . L ev e l  of s i gn if icance was 
d e t e rm i ne d  a t  P = 0. 0 5 . 
B lack b ea r s  of the Smo k i e s  l i k e l y  b e l on g  t o  o n e  
p opula t i on a l though s om e  of the ana lys i s  may s u gg e s t  
o t h e rw i s e. E m i gra t i o n  a n d  i mm i grat ion of b ea r s  among t h e  
s tudy a rea s {Qu i g l ey 1 9 82 , carr 1 9 8 3 ) indica t e  a s i n g l e 
p opula t i on ; l o n g - d i s tance m ovemen t s , par t icula r l y  by ma l e s , 
e n s u r e  gene f l ow b e tw e e n  b ea r s  i n  the nat i onal f or e s t s  and 
the Park. Howe ve r , b eca u s e  mana gement i n  the Park d iff e r s  
from t ha t  i n  t h e  nat i o na l  for e s t s, o n e  m i gh t  expect 
r e g i o na l  diff e r e nc e s  w i t h i n  the p opu lat i o n; demograph ic 
feature s  of Par k  bears m ight vary from tho s e  of the 
na t i o na l  fores t .  Thi s  a na lys i s  a t t emp t s  to e xam ine s om e  of 
the p o s s ib l e  d ifferenc e s. 
To s imulate the eff ec t s  of har d  ma s t  on r eproduc t ion 
and p op u la t ion abundanc e , a popula t i on model comp o s ed of 
the L e s l i e  mat r ix {Les l i e 1 9 4 5 ) and a component 
repr e s e n t i n g  the s tochas t ic variat i o n  i n  food s uppl y  
{Ma th i s  e t  a l . 1 9 9 1 ) wa s u s e d . The L e s l i e  mat r i x, amon g 
t h e  s imp l e s t  of p opu lat i on m o de l s , predic t s  popu lat i on 
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numb e r  u s i n g  age - and s ex - spec ific f ecundity and 
surv iv o r s h ip r a te s . Alone , the p r e d ic t i on s  of the m at r ix 
mus t  b e  i n t e rp r e t e d  broadly; howeve r ,  i n  comb i n a t i on w i th 
othe r var i ab l e s , s uch a s  vu l n e r ab i l i t y  t o  hun t ing ( Bunne l l  
and Ta i t  1980 ) and food , the p r e d ic t iv e  cap ab i l i t i e s  of t h e  
mode l b ecome more con s i s t e n t  w i t h  r e al i t y . 
T o  r ep r e s e n t  the eff ec t s  of food on the reproduc t iv e  
r at e s  o f  fema l e s  in GSMNP ( s e e  Tab l e  B . 1 ) , the mode l u s e s  a 
s e r i e s  of mul t ip l i e rs . The s e  mul t ip l i e r s  a r e  c a lcu l a t e d  
b a s e d  on t h e  p e rcentage of l ac t a t i n g  fema l e s  f o l l ow i ng 
good , bad ,  and ave rage yea r s  of hard m a s t  ( Mat h i s  e t  a l. 
1991 ) ;  in G SMN P , 5 8%, 2 6 % , and 42% of the f em a l e s  � 5  yr 
wer e  l ac t a t i ng fol l owing good, b a d, and ave rage mas t  y e a r s , 
r e s p ec tive l y . Thu s , the mu l t ip l i e r  f o r  good y e a r s  b eco m e s 
. 5 8/. 42 o r  1 . 39; for bad ye a r s , t h e  mul t ip l i e r  i s  . 2 6/ . 42 
o r  0 . 62. In a good year, f o r  examp l e , t h e  f ecun d i t y  r a t e  
f o r  f em a l e s  �1 5 yr ( no rm a l l y , 0. 6 4 3  [ t ak e n  f rom l if e  
table ] ,  s e e  T ab l e  B . l) b ecom e s  {1 . 3 9) ( 0 . 6 43) o r  0 . 8 9 4 , and, 
i n  a b ad y e a r , the food- adju s t ed f ecund i t y  r a t e  f o r  the s e  
fema l e s  i s  { 0 . 6 2){0 . 6 4 3) o r  0 . 399 . T o  account for d e l aye d 
m a t u ra t i o n  due t o  food s h o r t a g e  ( E i l er e t  a l . 1 9 8 9) , the 
mu l t ip l i e r  for 3 - yr-o l d  f e ma l e s  is 0 ,  e xcept i n  good m a s t  
ye a r s  ( mu l t ip l i e r  = 1 . 0 ) . In  bad ma s t  y e a r s , fewe r 4 -yr­
o l d  f e m al e s  l ik e l y  reproduce (E i l e r  e t  a l . 1989) thu s the 
mu l t ip l i er for the s e  fem a l e s  b ecome s  0 . 4; in good o r  
ave ra g e  ye ars t h e  mul t ip l i e r  f o r  the s e  fema l e s  i s  1 . 0 .  
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The p e rc en ta g e s  of lac ta t ing f e ma l e s  in the NF 
fo l l ow i n g  go o d , bad , and average yea r s  of ma s t  were 0 . 7 5 7, 
0 . 2 3 5 , and 0 . 6 0 0 , respec t i v e l y. The s e  va l u e s  were used to 
ca lculate mul t ip l i e rs wh ich, i n  comb i na t i on with va lues of 
l if e  h i s to ry parameters of NF fema l e s  ( s e e  Tab l e  B . 2 ) , 
produc e d  food-adju s te d  f ecundi ty ra te s . 
The mul t ip l i e rs r ep r e s e n t ing s u r v i va l  of fema l e s  s4 yr 
are 1 . 2 5 , 1 . 0 0 ,  0.7 5 rep r e s ent ing good, ave rage, and bad 
mas t  year s , re spect iv e l y . The s e  m u l t ip l i e r s  r ef l ec t  food­
dependent cub s urv iva l  a s  we l l  as the fact t ha t  food 
ava i lab i l i ty affects the degree of s oc ia l  into l e rance , 
disp e r sa l, and , u l t imat e l y, surv iva l of young bears 
( Garshe l i s  and P e l t o n  19 81 ) . 
RE SULT S 
Including summer captures and winter den visits, 12 3 9  
( 605 indivi dual) bears in the Smoky Mountains were 
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handled. Most (g = 9 4 6) of these captures and visits were 
in Great Smoky Mountains National Park; 1 61 ( 81 individual) 
and 1 30 ( 60 individual) black bears were examined in 
Cherokee and Pisgah National Forests, respectively. 
Sex and Age structure 
sex ratio. Proportionally more males than females 
were captured especially in the younger (55 yr) age classes 
(Ta ble 1. 1). From year to year and by age group 
(su badult/adult) , the sex ratio ranged from 40 to 65% male 
(mean = 55%, � =  5 6 9); the sex ratio was not associ ated 
significantly with the capture year (X2 = 1 6. 9 8 4, 1 6  df, P 
= 0.387). The sex ratio of adults was nearly e qual (m ales 
5 1%, � =  3 8 3) ,  but there were more male ( 6 4%, n = 1 8 6) than 
fem ale ( 3 6%, n = 10 3) su ba dults (X2 = 15. 0 3 6, 1 df, P < 
0 .000 1). 
The sex ratio did not vary significantly by study area; 
52% (� = 3 12) of the Park adults, 51% (� = 4 3) of the CN F 
adults, and 4 3% (g = 2 6) of the PNF adults were males (X2 = 
1.51 6, 2 df, f = 0. 46 9). Su badult males comprised 6 7% (n = 
12 9) of those captured in the Park, 5 6% (� = 2 9) of those 
Table 1 . 1. The age and sex structure o f  black bears i n  the 
smoky Mount a i ns, 1972-1988. 
Age• S ex Percent ( frequen c y) 
0.5 M 56 ( 10) 
F 4 4  ( 8) 
1 M 58 ( 46) 
F 4 2  ( 34 )  
2 M 68 ( 59) 
F 32 ( 2 8) 
3 M 65 ( 73) 
F 35 ( 3 9) 
4 M 68 ( 56) 
F 3 2  ( 27) 
5 M 59 ( 29) 
F 41 ( 2 0) 
6 M 4 3  { 20) 
F 57 ( 2 7) 
7 M 39 ( 13) 
F 61 ( 20) 
8 M 4 5  ( 9) 
F 55 ( 11) 
9 M 4 2  ( 5) 
F 58 ( 7 ) 
1 9  
2 0  
T ab l e  1 . 1  Cont inue d . 
Age sex Percent { f requency) 
1 0  M 6 0  ( 3) 
F 4 0  ( 2 )  
1 1  M 0 ( 0)  
F 1 0 0  ( 1 )  
1 2  M 0 ( 0 }  
F 1 0 0  ( 4 )  
1 3  M 0 (0 } 
F 1 00 ( 4 )  
1 4  M 0 ( 0 )  
F 1 0 0  ( 3) 
15 M 0 ( 0) 
F 10 0 ( 1 )  
•rn ye ar s .  
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captured i n  CNF, and 6 2 %  ( n  = 2 8 ) of tho s e  captured in PNF 
(X2 = 2 . 4 3 2, 2 df , P = 0 . 2 9 6 ) . 
Mean a ge . The mean age of cap tu r e d  b ea r s  was 4 . 3 6 yr 
( Tabl e  1. 2 ) . Mean age of fema l e  b ea r s  ( 4. 9 6 yr ) wa s 
s ign if icant l y  (f = 0 . 0 0 01 )  o l d e r  tha n  that of mal e s  ( 3 . 9 2 
yr ) . In t h e  Park , f ema l e  b ea r s  ( 5. 2 8 yr ) w e r e  
s i gn if ican t ly (f = 0 . 0 0 01 )  o lder t ha n  ma l e s  ( 3 . 9 2 yr ) .  
Howeve r ,  t h e  fema l e s  ( 4 . 4 6 yr ) i n  PNF w e r e  n o t  
s i gn if ican t ly (f = 0. 1 2 6 )  o l d e r  t ha n  the mal e s  ( 3. 3 3 yr ) .  
The m ea n  age f o r  S M  mal e s  ( 4 . 3 2 y r ) cap t u r e d  dur ing the 
f i r s t  half of the s tu dy , 1 9 7 2 -1979, wa s s ign if icant l y  (f = 
0 . 011 ) grea t e r  than the m ea n  age of ma l e s  cap tured aft e r  
1979 ( 3 . 73 yr, Tab l e  1 . 3 ) ; howev e r , the r e  was n o  
s i gn if ica n t  (f = 0 . 4 9 0 ) d iff e r ence i n  the m ean a g e  of 
fema l e s  cau gh t  in the 7 0 ' s  ( 5. 27 yr ) v e r s u s  tho s e  cau ght 
aft e r  1979 ( 4 . 9 8 yr ) . In t h e  Park, m ean age f o r  ma l e s  
caught i n  t h e  1970 ' s  ( 4 . 3 2 yr ) was s ign if ica n t l y  (f = 
0 . 01 9 ) g rea t e r  t ha n  that of mal es cau gh t  i n  the 1 9 8 0' s  
( 3. 71 y r , Tab l e  1. 3 ) ; i n  t h e  nat i ona l f o r e s t s, mean ages 
for ma l e s  w e r e  n o t  s ign if ican t l y  (f = 0 . 2 9 6 ) d iff e rent for 
the two p e r iods ( Tab l e  1. 3 ) . Park bears ( 4 . 5 2 yr ) were 
s ign if ican t l y  (f = 0. 0 2 6 ) o lder t han tho s e  of CNF ( 3 . 74 yr ) 
but n o t  of PNF ( 3. 8 6 y r , f = 0. 076 , Tab l e  1 . 2 ) . The o l de s t  
mal e  a n d  fema l e  b ea r s  wer e  1 5. 5 and 2 2. 5 y r , r e sp ec t ive l y . 
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Tab l e  1.2 . The mean ages of b lack bears• in Great Smoky 
Mountains National Park ( GSMNP) , Che rokee National Forest ( CNF) , 
and P isgah National Forest ( PNF), 1972-1988. 
Area sex Mean age�:> SD 
GSMNP M 3.92 2.100 
F 5 . 28 3.2 24 
M+F 4 . 5 2  2.704 
CNF M 4.06 2 .171 
F 3.2 8  1.761 
M+F 3.74 2.037 
PNF M 3.33 1.840 
F 4.46 3.2 56 
M+F 3.86 2.631 
GSMNP+CNF+PNF M 3.92 2.089 
F 4.96 3.155 
M+F 4.36 2 .639 
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Tab l e  1.3. The mean ages of b lack b ears• in Great Smo ky 
Mountains National Park ( GSMNP) and Cherokee and Pisgah Nati onal 
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Proportion of adults. The proportion of adults, which 
was usually > 50% annually (Fig. 1 . 2 ) , was significantly 
associated with the years of capture ( X2 = 5 6 . 5 9 5 , 1 6  df , P 
= 0 . 000 1 ) and the study area ( X2 = 2 4 . 9 8 4 , 2 df, P = 
0 . 000 1 ) .  The percentage of adults was greatest in the Park 
( 76 % , � = 605 ) , follo wed by CNF ( 6 2 % , n = 8 5 ) and PNF ( 57% , 
n =60 ) ( Table 1 . 4 ) . 
Reproduction 
Estrus. Female bears e xhibited signs of estrus bet ween 
5 June and 1 9  September ( 10 6  days, Fig. 1 . 3 ) . Most ( 7 5 % , � 
= 6 3 ) were in estrus 1 5  June - 1 5  August , and only 3 ( 3 . 6 % )  
females were in estrus in September. Those females in 
estrus 1 5  June - 1 5  August ( 6 . 08 ± 3 . 4 6 yr, g = 6 3 ) were 
significantly (� < 0 . 00 1 ) older than the females e xhibiting 
estrus after 1 5  August ( 3 . 2 9 ± 0 . 8 9 3  yr , n = 14 ) .  
Minimum reproductive age and interbirth interval. The 
mean minimum reproductive age determined from the 
reproductive histories of 2 1  fe males was 4 . 2 4 ± 1 . 04 4  yr (g 
= 2 1 ) .  Si x ( 2 8. 6 % )  females were either lactating or with 
young as early as age 3; 5 of the 6 were handled in C NF or 
P NF. The mean minimum reproductive age for Park females was 
4 . 8 2 ± 0 . 9 8 2  yr (� = 1 1 ) , which were significantly ( P  = 
Fig. 1.2. The number (fr�quency) of subactult and adult 
black bears captured in the Smoky Mountains, 1972-1988. 
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T ab l e  1 . 4 .  The perc entage of s ubadul t and adul t b l ac k  b e a r s  
c ap tured in Gre a t  S moky Mount ains National P ar k  (GSMNP ) ,  Che rokee 
National For e s t  ( CNF ) , and P i s gah Nat ional Fo re s t  ( PNF ) , 1 9 7 2 -
198 8 . 
Age cla s s  
Adult 
Subadult 
•Frequen c y . 
GSMNP 
7 6  (6 0 5 ) •  
2 4  (193 ) 
CNF 
6 2  ( 85 ) 
3 8  (52 ) 
PNF 
57 ( 6 0 ) 
4 3  ( 4 6 ) 
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Fig. 1.3. Seasonal distribution of observed estrus in 
female black bears in the Smoky Mountains, 1972-1988 
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0 . 004) older than national forest (NF) females (3 . 60 ± 0 . 6 9 9  
yr, n = 1 0; Table 1 . 5 ) .  
The mean birth interval determined from the 
reproductive histories of 2 3  females was 2 . 3 5 yr. The mean 
interval was 2 . 3 9 yr (� = 1 8) and 2 . 20 yr. ( �  = 5 )  for Park 
and NF females, respectively. 
Litter size. The mean litter size was 2.04 cubs (range 
1 - 4 , g = 1 1 4) and 1 . 9 4 (range 1 - 3 , � = 3 4) yearlings (Table 
1.5) . The mean litter size of Park females was 1 . 9 6 cubs (g 
= 8 1) and 1 . 9 6 yearlings (� = 2 3) ,  and that of NF females 
was 2 . 25 cubs ( 3 2) and 1 . 9 1 yearlings (� = 1 1); this 
difference was not significant (� = 0 . 2 7 8) .  
Reproductive rate and lactation. By year, reproductive 
and lactation rates of females in the Smokies averaged 0 . 6 7 2  
(range 0 - 1 . 5 3 9) and 3 3 %  {� = 1 4 6) {range 0 - 1 00) , 
respectively (Figs. 1 . 4  and 1 . 5 ) . The mean weights of 
adult females did not vary significantly by age (� = 0 . 4 1 5 ; 
Table 1.6 ) . By age class, the reproductive rate of bears in 
the national forests ( 1 . 1 8 ± 0 . 4 4 4 , � = B) was significantly 
(� = 0 . 04 9) greater than that for bears in the Park ( 0 . 7 6  ± 
0 . 4 2B, � = 1 3) . 
The percentage of lactating females was significantly 
associated with age {X2 = 20 . 6 5 3 , 2 df, P < 0 . 00 1 , Table 
1 . 6) .  Fifty one percent (� = 3 9) of the old ( �10 yr) 
31 
Tab l e  1. 5. The ages ( yr) o f  first reproduction and litter siz es 
( cubs) of f emal e  b lac k bears in Great Smoky Mountains National 





Age of first reproduc tion 
3 4 
1. 3 
( 9)b ' ( 27) 
5 4 













Lit ter siz e  
1 2 
23 40 
( 28) ( 48) 
7 14 
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Fig. 1.4. Yea rly fluctuations in white oak mast p roduction 
and the rep roductive rates of lactating black bea rs in the 
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Fig. 1. 5. Yearly fluctuations in white oak mast production 
and the percentage of lactating black bears in the smoky 
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Tab l e  1 . 6 .  Mean we i ght s ( kg )  and reproduc t ive values of female 
















weight(SD , n) 
40.1 .. ( 7 . 86 ,  6 3) 
47. 1 ( 9 . 90 ,  47) 
49 . 3  ( 10 . 5 3 , 3 9) 
48 . 6  ( 9.67 , 45} 
50 . 0  ( 12 . 6 6, 42) 
53.1 ( 9. 56 ,  2 6} 
54 . 5  ( 1 2.94, 14) 
57 . 7  ( 7 . 3 3 , 7) 
52 . 3  ( 6 . 54 ,  8) 
6 2.4 ( 11 . 74 ,  10) 
56 . 3  ( 6. 30, 10) 
61 . 4  ( 11 . 6 3 ,  6) 
60.8 ( 22 . 5, 7) 
P er c e n t  
lac tating (.!!_) 
12.2 ( 9 ) 
30 . 3  ( 20) 
34. 0 ( 18) 
39 . 3  ( 24) 
3 3 . 3  ( 19) 
2 8 . 9  ( 11) 
3 5 . 3  ( 6 ) 
6 1 . 5  ( 8) 
38 . 5  ( 5) 
57.1 ( 8) 
35 . 3  ( 6) 
6 2 . 5  ( 5 ) 
58.3 ( 7 ) 
Mean 
l i t t er 
s iz e  (.!!_) 
2.44 ( 9) 
1 .  80 ( 15) 
1 .  58 ( 12 )  
1 .  76 ( 17) 
2 . 00 ( 16 ) 
2 . 38 ( 8) 
2 . 20 ( 5) 
2 . 40 ( 5) 
1 .  75 ( 4) 
2.50 ( 6 ) 
2 . 00 ( 5) 
2.25 ( 4) 
2 . 57 ( 7 ) 
Reproduc t iv e  
rate 
0 . 297 
0 . 545 
0 . 537 
0 . 694 
0 . 6 6 6  
0 . 688 
0 . 776 
1 . 477 
0 . 673 
1 .  428 
0.706 
1 .  406 
1 . 500 
3 7  
females, and 3 4 %  ( �  = 7 8) of the middle-aged ( 5 - 9  yr), and 
21% ( �  = 2 9) of the young ( 3 - 4  yr) females were lactating. 
Age (r2 = 0 . 5 9 ,  P = 0.00 2 , Fig. 1 . 6), weight (r2 = 0 . 7 9 ,  � = 
0 . 0001) , and age and weight together (r2 = 0 . 80 ,  P = 0.0004) 
were significant predictors of lactation rates. 
The percentage of lactating females also varied by study 
area. Forty-five percent ( �  = 18) of the young NF females 
and only 11% (� = 11) of the young Park females were 
lactating (X2 = 20 . 111 , 2 df, P = 0.001) . Among middle­
aged females, 51% (� = 18) of the NF bears and 31% ( �  = 6 0) 
of the Park bears were lactating (X2 = 5 . 2 4 3 , 1 df, � = 
0.02 ). Among the old females, 71% (� = 5) of the NF bears 
and 4 9 % (n = 3 4) of the Park bears were lactating, but 
small sample sizes from the national forests precluded any 
statistical comparison. 
Hard mast and reproduction. Hard mast, particularly 
white oak mast, was a significant predictor of reproduction. 
White oak mast was a significant predictor of summer {r2 = 
0 . 3 3 4 , � = 0 . 02 4 , Figs. 1. 5 and 1 . 7) ,  winter (r2 0 . 6 4 3 , P 
= 0 . 002) , and summer- winter (r2 = 0 . 511 , � = 0 . 013) 
lactation rates; it was also a significant predictor of 
summer (r2 = 0 . 3 6 4 , P = 0 . 01 7 , Fig. 1 . 4) ,  winter (r2 = 
0. 5 4 9, P = 0 . 006) , and summer- winter (r2 = 0.4 2 8 , � = 0 . 01 7 )  
reproductive rates. Red oak mast was not significantly (� � 
0 . 07) associated with reproduction, but red and white oak 
3 8  
F i g . 1 . 6 .  Regr e s s ion o f  t h e  p e rcent age o f  l ac t a t i n g  b l ack 
b e ars (� = 14 6) in the Smoky Moun t a i n s  o n  cge ( Y  = 1 3 . 8 3 6  + 
2 . 9 6 3 x) .  
3 9  
\ I .... \ I \ I \ I \ I \ \ I \ I \ I \ • I 'If \ I .... \ I \ I \ I \ I \ I \ \ I \ I (T') \ I • .... \ I 
\ I \ I \ I \ I \ I \ I 
.. I C\J \ I .... \ I \ I \ I \ I \ I \ I \ I .... I I .  I I .... \ I I I I I I I I I I I I I 0 • I I \ I .... I I I I I I I I I CD I I c.. I I 
•\ � I m I I I I I UJ I I (!) I I < I I I I \ I I I I • ID I I I I I I I I I \ I I I I I I 
I I I I I I I I I \ I I 
I \ I \ I 
• \ C\J \ m 0 I \ lO 0 I I I \ 
0 I \ 0 I \ 
I I \ I \ 
C\1 I • I lO a: I \ a.. \ I \ I \ I I I I I \ I \ I \ I • \ I I I \ I \ I \ I \ I \ I \ I I I \ (T') 
0 0 0 0 0 0 0 " (0 lO 'If (T') C\J .... 
-l < tJ I- < 1- ...,. Z (!) U... UJ X < -l UJ Ul  -- � �  
F i g . 1 . 7 .  R e g r e s s 1 o n  o f  t h e  p e r c e n t a g e  o f  l a c t a t i n g  
b l a c k  b e a r s  ( g  = 14 6 )  i n  t h e  Smoky Moun t a in s  o n  t h e  
p e r c e n t a g e  o f  wh i t e  o ak m a s t p r o du c t ion ( Y  = 2 . 13 6 + 
1 . 16 0 x ) . 
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mast together indi cated a signifi cant or near significant 
linear relationship with s ummer (r 2 = 0. 3 2 4 , � = 0. 0 2 7 , Fig. 
1. 8), winter (r 2 = 0 . 2 5 7 , P = 0 . 0 9 2 }, and s ummer- winter (r 2 = 
0. 2 9 ;, P = G . 0 9 5) la ctation rates, and with s ummer (r 2 = 
0. 4 5 3, P = 0 . 0 0 6) ,  winter (r2 = 0 . 2 5 0, P = 0 . 0 9 8) and 
s ummer- winter (r 2 = 0 . 3 2 7 , P = 0 . 0 6 6) reprod uctive rates. 
Mort ali 
From 1 9 7 2  to 1 9 8 9, 1 1 0 mortalities were recorded ( Table 
1 . 7) .  Most ( 6 2 % ,  � = 6 9) of these mortalities were males 
and 7 0 %  ( £  = 7 7) were ad ults . Fifty-nine percent ( �  = 6 5) 
of the deaths were Par k bears . Si x snared bears, 4 of which 
were s ubad ults , were killed by other bears ( Table 1. 7) . 
Si xty-one percent ( �  = 1 7) of recorded c ub mortalities 
occ urred in 1 9 8 2 . 
Mortality rate . The ann ual mortality rate was 
appro ximately 2 6 % for bears of the Smo kies . Ann ual 
mortality rates were lo west for s ubad ults ( 2 3 %) and highest 
for c ubs ( 2 8 %). Ad ults had 2 7 % ann ual mortality . Mortality 
rates were greater for ma les ( 2 9 %) than females ( 2 2 %). 
Mortality was lo wer for bears in the Par k ( 2 2 %) than for NF 
bears ( 3 0%) . cubs in t he Par k ( 3 5 %) and NF ad ults ( 3 6 %) had 
the greatest mortality ; Par k s ubad ults ( 1 9 %) and ad ults 
( 2 0 %) and NF s ubad ults ( 2 4 %) and c ubs ( 2 5 %) had the least . 
Par k male ( 2 1 %) and female ( 2 3 %) mortality rates were nearly 
4 3  
Fig. 1. 8 .  Reg ressi on o f  the pe rcentage o f  lactating black 
bea rs ( �  = 1 4 6) in the smoky Mountains on the pe rce ntage o f  
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Tab l e  1 . 7 .  Mo rt a l i t i e s  o f  m a rked bl ack be ars in Gre a t  Smoky 
45 
Moun tains Na t i onal Park ( GSHNP ) ,  Cherokee National Fore s t  ( CNF ) , 
and R i s gah Nat ional Fore s t  ( PNF ) , 1 9 7 2 - 1 9 8 9 . 
Cause 
L egal k i l l  
I l l e gal ki l l  
K i l l ed b y  
another bear 
Road ki l l  
Drug- o r  t rap-
re l at e d  
Natural 
unknown 
Tot a l  
GSMNP• 
n % 
32 4 9  





1 1  1 7  
6 5  1 0 0  
CNF + PNF •  
n % 
33 7 3  
7 1 6  
1 2 
4 9 
4 5  1 0 0  
•original l y  m a rked in t h i s  s tudy are a . 
GSMNP+CNF+ PNF• 
n % 
6 5  5 9  





1 1  1 0  
1 1 0  1 0 0  
equa l , and NF males ( 36 % ) had a h igher mortal i ty rate than 
N F  females ( 27 % ) . 
Al though annual mortal ity rates produced from capture 
ana l ys is (Program Jol l y )  were substantial l y  h igher than 
those cal c u l ated from l ife h istory tables , the t rends were 
the same . Annual mortal ity for Park bears ( 27 % )  was lower 
than that for NF bears ( 4 1 % ) . Annual mortal ity for 
subadul ts in the Smokies was 7 2% .  
Populat ion S ize and Stab i l ity 
46 
Dens ity. Est imates of density var ied w ithin the study 
area . From 1 9 7 3 - 1 9 8 7 , the average popul ation estimate for 
the Park study area was 1 4 8  ± 5 2 . 6  bears (Tab l e  1 . 8 )  or 
0 . 29 2  bears/km 2 •  During the first hal f  of the study ( 1 9 7 2-
1 9 7 9 ) ,  the est imated size of the Park popul at ion was 1 23 ± 
3 2 . 5 bears ( �  = 7 yr ) or 0 . 24 3  bears/km 2 ,  and from 1 9 8 0  to 
1 9 8 8 , this estimate rose to 1 7 0  ± 6 1 . 9  bears ( �  = 8 yr ) or 
0 . 3 36 bears/km 2 (F ig. 1 . 9 ) ; these estimates are not 
s ignifi cant l y  d ifferent (P = 0 . 0 8 5 ) . The popul ation 
estimate for the CNF study area was 2 8  ± 1 3 . 8  bears ( �  = 6 
yr , Table 1 . 8 ) or 0 . 3 5 0  bears/km 2, and the PNF study area 
was estimated to have 24 ± 6 . 5  bears { g  = 5 yr ) or 0 . 21 1  
bears/ km 2 • 
The est imated dens ity of bears in the Park was 
correlated w ith the number of bears l egal l y  harvested in 
Tab l e  1 . 8 .  J o l l y- S eb e r  ( P ro gram Jo l l y )  popu l a t ion e s t im a t e s  f o r  
b l ac k  bears in t h e  Smoky Mount a i n s , 1 9 7 3 - 1 9 8 7 . 
GSMNP CNF PNF 
Y e a r  n ( 9 5 %  CI ) n ( 9 5 %  CI ) n ( 9 5 %  CI ) 
1 9 7 3  1 0 0 . 1  ( - 3 3 - 2 3 3 ) 
1 9 7 4  6 5 . 4  ( 3 1 - 9 9 ) 
1 9 7 5  1 1 9 . 8  ( 5 8 - 1 8 1 ) 
1 9 7 6  1 4 7 . 4  ( 7 7 - 2 1 8 ) 
1 9 7 7  1 2 7 . 8  ( 7 2 - 1 8 3 ) 
1 9 7 8  1 6 5 . 0  ( 7 9 - 2 5 1 )  1 5 . 0  ( - ) 
1 9 7 9  1 3 2 . 6  ( 7 7 - 1 8 8 ) 2 4 . 5  ( - )  
1 9 8 0 1 1 8 . 0  ( 7 6 - 1 6 0 ) 4 6 . 2  ( - )  
1 9 8 1  1 4 9 . 1  ( 8 7 - 2 1 1 ) 4 5 . 5  ( - )  
1 9 8 2  8 3 . 9  ( 4 3 - 1 2 5 ) 1 9 . 5  ( - ) 
1 9 8 3 2 4 7 . 7  ( 1 0 7 - 3 8 8 ) 2 0 . 0  ( - ) 2 0 . 9  ( 7 - 3 5 ) 
1 9 8 4 1 4 3 . 5  ( 6 9 - 2 1 7 ) 2 8 . 6  ( - 8 - 6 5 )  
1 9 8 5  1 6 5 . 4  ( 5 6 - 2 7 5 )  2 7 . 0  ( - 7 - 6 1 ) 
1 9 8 6 2 6 5 . 7  ( 1 0 - 5 2 1 ) 1 2 . 0  ( - ) 
1 9 8 7 1 8 7 . 5  ( 3 7 - 3 3 8 ) 2 9 . 2  ( - 3 2 - 9 1 ) 
Mean ( SD ) : 1 4 7 . 9  ( 5 2 . 6 2 )  2 8 . 4  ( 1 3 . 8 1 )  2 3 . 5  ( 6 . 4 8 )  
4 7  
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F i g . 1 . 9 . Annu a l  f l uc tu a t io n s  in the n umb e r  o f  b l ack b e a r s  
1 n  G r e a t  Smoky Mount a 1 n s  N a t ional P a rk ,  1 9 7 3 - 1 9 8 7 , b a s e d  o n  
Jo l l y - S eb e r  popu l a t ion e s t im a t e s . 
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Tennes see (TWRA 1 9 8 8 ) (r = 0 . 6 1 1, � = 0 . 0 1 6 ) and was 
inversel y ,  t hou gh ins i gni f i c ant l y , rel at ed to P ar k  
m ana gement a c t i on s  (e . g . removal f rom the P a r k ) (r 2 = 0 . 2 6 2 , 
P = 0 . 0 8 9 , F i g . 1 . 1 0 ) . An inc rease in bears ha rves ted 
c o r responded to a n  i nc rea se in dens i t y  (Fi g . 1 . 1 1 ) ;  an 
inc rease in removals o f  park bea r s  w a s  f o l l owed by a 
dec rea s e  in dens i t y . 
Growth r a t e . The e s t i m a t e d intr ins i c  r a te o f  growt h , r ,  
was 0 . 0 2 3  ( 2 % ) in G S MNP and 0 . 1 1 1  ( 1 1 % ) in the nat i o n a l  
fo res t s  comb ined . 
Popu l a t ion mode l . The model s imul a t ions c l ea r l y  
demons t r ated t h a t  w i t h in 2 0  years , h a rd mas t ava i l ab i l i t y 
c an h ave a d r am a t i c  imp a c t  on bea r number s (Fi gs . 1 . 1 2 a nd 
1 . 1 3 ) . The number s o f  fem a le bea r s  e xp anded in consec u t ive 
yea r s  o f  goo d  m as t ;  s uc c e s s i ve yea r s  o f  b a d m a s t  c aused a 
s ub s t ant i a l  dec l i ne in bear numbers . Yea r - t o - year 
va r i a t i on in food supp l y  also produced a dec l ine in bear 
numbers . The t rends i n  the number s o f  NF bear s  were 
s im i l ar to thos e p r o j e c ted f o r  P a r k  bears (Fi g . 1 . 1 3 ) . 
5 1  
F i g . 1 . 1 0 .  R e gr e s s i o n  o f  the numb e r  o f  b l a c k  b e a r s  i n  
Gre a t  Smoky Mount a in s  Nat i o n a l  P ar k  o n  t h e  numb e r  o f  b e a r s  
remov e d  f r om t h e  P a rk , 1 9 7 3 - 1 9 8 7  ( Y  = 1 9 4 . 0 7 9  - 4 . 3 9 3 x ) . 
5 2  
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Fi g .  1 . 1 1 .  Annual fluctuations in th e nu mb er o f  bla ck 
b ears in Gr eat S moky Mountains Nati onal Par k and th e nu mb er 
o f  b ears harv est ed in T enn ess e e , 1 9 7 3 - 1 9 8 7 . 
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Fig. 1 . 12 .  Changes in the number of female bla ck bears 
( based on model si mulations ) in Great Smo ky Mountains 
National Park given an initial number of 2 9 7  fe males and 
varying mast availability . 
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Fig. 1 . 13 .  Changes in the numbe r of female black bea rs 
(based on model simulations ) in Che rokee and Pisgah 
National Fo rests gi ven an initial numbe r of 2 0  females and 
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D I SCU S S ION 
S e x  and Age S t ru c t u r e  
T h e  p redom i n a n c e  o f  m a l e s  i n  the c apture s amp l e  c an b e  
e xp l a ined by b e h av i o r a l  t r a i t s  o f  m a l e s  th a t  i n c r e a s e  the i r  
c apture v u ln e r ab i l ity { John s o n  a nd P e l t o n  1 9 8 0£ ) . Ma l e  
b l a c k  b e a r s  typ i c a l l y  h av e  l a rge home r an g e s  ( Ga r s he l i s and 
P e l t o n  1 9 8 1 , Ro ge r s  1 9 8 7 ) and 1 f o r  a var i e t y o f  po s s ib l e  
r e a s on s  in c l ud i n g  a ggr e s s i o n  ( P e l t o n  1 9 8 2 ) , food short age 
( Ro g e r s  1 9 87 ) 1  and avo idanc e  of i nb r e eding { P a cker 1 9 7 9 , 
Gre e nwood 1 9 8 0 1 R o g e r s  1 9 8 7 ) I d i s p e r s e  f ar t h e r  than 
f e m a l e s ; t h i s  d i s pe r s a l  and movem e n t  l i ke l y  impro v e s  a m a l e  
b e a r ' s  c h an c e  o f  e n c o un t e r i n g  a t r ap . The inexpe r i en c e  and 
movem e n t s  o f  s ub adu l t  m a l e s , who typ i c a l l y are i n  s e a rch o f  
a r e a s  o f  f ew dom i n a n t  m a l e s  and p l e n t i f u l  f ood 1 improv e 
the i r  c hanc e  f o r  c aptur e . O t h e r  b l ack b e a r  s tudi e s  
repo r t ed a s i m i l a r preponde r an c e  o f  m a l e s  i n  the i r  c ap t u r e  
s amp l e s  ( B unne l l  and T a i t  1 9 8 0 , Lecount 1 9 8 2 , C a r lo c k  e t  
a l . 1 9 8 3 , Smi th 1 9 8 5 , Ro g e r s  1 9 8 7 , H e l l gren 1 9 8 8 , Gar she l i s  
e t  a l . 1 9 8 9 ) . 
The age s t ruc ture o f  b e a r s  i n  the Smok i e s  s u gge s t s  a 
s l i gh t l y  e xp l o i ted popu l a t i o n , and the s i gn i f i c an t  dec l i n e  
in m e a n  a g e  o f  m a l e s  sugge s t s t h i s  expl o i t a t i o n  i s  
i nc r e a s ing. He l l gren ( 1 9 8 8 ) de f i n e d  exp l o i ted b e a r  
popu l a t i ons a s  tho s e  u s u a l l y  ma rked b y  me an age s < 4  yr and 
that a r e  < 55% adu l t  a s  found i n  North c a ro l in a  ( Co l l in s  
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1 9 7 3 ) and o ther p arts o f  the southern App a l ach i ans ( C arl ock 
e t  al . 1 9 8 3 ) ;  un exp l o i t e d  b e ar popul a t i on s  general l y  are 
t ho s e  w i t h m e an a g e s  > 6  yr and > 6 0 %  adul ts as f ound i n  
Ari z o n a  ( L eC oun t 1 9 8 2 ) and Arkan s a s  ( S m i th 1 9 8 5 ) . Although 
p o s s ib l y  b1a s e d  b y  the di spers a l  o f  youn g b e ars out o f  the 
P ark , the age s truc ture o f  b e ars i n  t h e  P ark ( me an = 4 . 3 6 
yr , 7 6 %  adul t )  sugge s t s  that P ark b e ars are exp l o i t ed l e s s  
than b e ars i n  CNF ( m e an = 3 . 7 4 yr , 6 2 % adul t )  and PNF ( me an 
= 3 . 8 6 yr , 5 7 %  a dul t ) ; that thes e  m e an ages are decre a s ing 
( T ab l e  1 . 3 )  over t i me sugge s t s  that e xp l o i t a t ion i s  
i n c re as i n g . Al th ough the N F  s an c tuari e s  prov ide 
pro t e c t i o n , they are c o mparat ive l y  sma l l , h a v e  l arge 
boundary to i n t erior ra t i o s , and , c o n s e quen t l y , do not 
pro v i de the pro t e c t ion a g a i n s t  p o a c h i n g  a s  f ound i n  the 
c ore are a s  of the P ark . P ark management m a y  b e  p art ly 
respons ib l e  for the de c l i n e  i n  m e a n  a ge of m a l e  b e ars ; 
nui s an c e  m a l e s  are the mo s t  o f t e n  removed by P ark o f f i c i a l s  
( B e e m a n  and P e l to n  1 9 8 0 ) , and the rem o v a l  o f  ma ture m a l e s  
woul d l ower the average a ge o f  th i s  s e gment o f  the 
popul a t i o n . 
Ma l e  b e ars i n  the Smok i e s  are , on a v erage , younger than 
f e m a l e s . Aggre s s i on ( P e l ton 1 9 8 2 ) i n  m a l e s  and the ir l arge 
home rang e s , port ions o f  wh i c h  o f t e n  l i e out s i de the 
pro t e c t i ve b oundar i e s  of the P ark ( Be em an 1 9 7 5 ,  Garshe l i s  
and P e l ton 1 9 8 1 ) o r  s a nc tuari e s , l ike l y  incre a s e  the ir 
vulnerab i l i t y to h arv e s t  ( l e g a l / i l l e ga l ) ;  h arv e s t e d  an i m a l  
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populat i o n s  are charac teri z e d  by t h e i r  young age s truc t ure s 
( D own i n g  1 9 8 0 ) . 
Repro duc t i on 
E x c ept f or b l ac k  bear populat i o n s  i n  Penn s y l van i a ,  the 
e s t ru s  period o f  the smoki e s  bear populat ion was l o nger 
than report e d  e l s ewhere ( s e e  Rogers 1 9 8 7 , Alt 1 9 9 0 ) . 
Typ i c al l y , e s trus da t e s  run f rom late June to l at e  Jul y ;  
however , i n  are as o f  m i l d  c l imate and abundan t l at e  summ er 
and fal l f o o ds , t h e  e s trus p eriod may las t l onger ( Rogers 
1 9 8 7 , E i le r  e t  al. 1 9 8 9 ) .  P l e n t i ful f o o d  may e xp l ain t h e  
l o n g  e s trus p e r i o d  ( 1 1 7  days ) o f  t h e  b e ar populat i o n  i n  
Penn s y l van i a .  T h e  fac t  that f emal e s  i n  t h e  Smo k i e s ,  i n  
part i cular young f emal e s , were in e s trus l a t e r  may re f l e c t  
the i r  nutr i t i on al cond i t i o n  ( Jonke l and C owan 1 9 7 1 , E i l er 
e t  al. 1 9 8 9 ) . Subadul t f e mal e s  general l y  were i n  poorer 
cond i t i on than adu l t  f emal e s  ( pers. ob s e rv . ) ,  we i ghed 
s i gn i f i c an t l y  l e s s  than mature f e ma l e s  ( E i l er 1 9 8 1 ) , and 
the ir e s trus p e r i od may have b e e n  de layed by poor hard mas t 
t h e  pre v i ous fal l and/or a l at e  b erry crop ( E i l e r  e t  a l . 
1 9 8 9 ) . 
W i th a f ew e x c ept i on s , the reproduc t i ve v a l ue s  o f  b e ars 
i n  t h i s  s t udy were c on s i s t e n t  with pre v i ous s tud i e s  o f  
b lac k b e ars i n  t h e  southern Appal ac h i an s  ( Co l l i n s  1 9 7 3 , 
car l o c k  e t  al . 1 9 8 3 , E i l er e t  al . 1 9 8 9 ) . E i l er e t  al. 
( 1 9 8 9 ) c al c ul a t e d  a h i gher m e an age at pr im i par i t y  ( 4 . 6  yr ) 
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and a lower me an birth interval ( 2 . 2  yr ) for be ars o f  SM , 
ho wever , these di f ferences li kely were insi gni ficant . They 
{ Eiler et al . 1 9 8 9 ) also fi gured a hi gher me an litter si ze 
( 2 . 6  c ubs /litter ). The fact th at minim um estim ates o f  
co unts o f  c ubs in the dens were used may , in p art, e xplain 
the disp arity ; also , this st udy ' s  sample ( £  = 1 1 4 ) w as 
l ar ger and li kely more represent ative . In a simil ar st udy 
are a ,  C arloc k et al. ( 1 9 8 3 ) determined a mean litter si ze 
( 1. 9  c ubs /litter ) comparable to this st udy ' s . Eiler et al . 
( 1 9 8 9 ) fi gured an over all l actation r ate ( 3 3 % ) identical to 
the one in this st udy ; they, too , fo und that l actation 
r ates incre ase with a ge o f  the fem ale . 
In comp arison to other bl ac k  bear st udies in North 
Americ a ( Table 1 . 9 }, the mean reprod uctive v al ues o f  SM 
bears are abo ut mid -r an ge ; di f ferences in these val ues 
amon g bear pop ulati ons are food -related. In Mont ana , where 
h uc kleberry crops periodic ally fail , be ars h ave the hi ghes t 
mean a ge at first reprod uction ( 7 . 8  yr ) ,  the gre atest me an 
birth interval ( 3. 1  yr ) ,  and the smallest me an litter si ze 
( 1. 7 )  ( Jon kel and co w an 1 9 7 1 ) .  In Pennsylv ani a, where 
food is consistently ab und ant, blac k bears h ave the hi ghest 
reprod uctive rates o f  any wild be ars ( Korde k and Lind zey 
1 9 8 0, Alt 1 9 8 2, 1 9 9 0 ) ; the me an litter si ze ( 2. 9 )  is the 
l ar gest recorded for any wild be ar popul ation . 
Food av ail ability and h abit at qu ality li kely e xpl ain 
the di f ferences in reprod uctive val ues o f  bears within the 
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Tab l e  1 . 9 .  Maj o r  demographic f eatur es of se l ec t e d  b lac k bear 
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2 . 4  
2. 4 
2 . 2  
2. 0 
2.3 
2 . 0 
2.4 
2 . 3  
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Mean 
l i t t e r  
s i z e  
2.0 
2.0 
2 . 2  
1. 8'b 
2.0 
2 . 1  
2.4 
2 . 3  
2 . 4  
1. 7 
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Adul t  
mortal i ty D ensi ty 
rate ( b ears/km 2 }  
0 . 27 0.21 -0 . 3 5 
0 . 20 0 . 29 
0 . 36 0.2 1 - 0.3 5 
0.4 1 M  0.67- 1.04 
0 . 08F 
0. 42M 0.46 
0 . 16F 
0 . 17 0 . 2-0 . 6  
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0 . 27M10 0 . 22 
0. 1 9F'b 
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0 . 02 0 . 3 3  
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Was h . 
Lindz ey and 
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p r im ipari ty• 
Mc i l roy , 1 9 7 2  
•Repo r t e d  i n  years . 
Me an 
b irth 
int e rv a l • 
Mean 
l i t t e r  
s iz e  
64 
Adu l t  
mort a l i ty Dens i ty 
r a t e  ( bears / km 2 ) 
0 . 3 3 M  1 . 1 2 - 1 . 4 9 
0 . 2 1 F  
0 . 1 2 3 . 1 2 
ccalc u l a t e d  by Bunne l l  and T a i t  1 9 8 1 , 1 9 8 5  f rom data 
prov ided in Co l l ins , 1 9 7 3 .  
ccalc u l a t e d  f rom data provided in carney , 1 9 8 5 . 
dc alcu l a t ed from dat a  provided in He l l gren , 1 9 8 8 . 
6 5  
smoky Moun t ai n s . Hard mas t i s  the p r inc ipal food f o r  
b l a c k  b ears i n  t h e  Smok i e s  ( B e em a n  and P e l t o n  1 9 8 0 , E a g l e  
and P e l ton 1 9 8 3 ) . In the nat i onal f o r e s t s  ( CN F  and PNF ) , 
wh e r e  the p e r c e n t age o f  l ac tat i n g  f emal e s  and r e produc t iv e  
rat e s  ar e g r e at e r  and t h e  m e an age at p r i m i par i t y  and b i r th 
i n t e r val a r e  l ow e r than t hat o f  P ar k  b e ars, o aks dom inat e 
the can opy ( B e r i n ge r 1 9 8 6 , S e ib e r t  1 9 8 9 ) . In the Park , oak 
c anopy c o v e rage i s  j udged t o  b e  l e s s  than 4 0 % ( K .  Langdo n , 
Nat l . P ark S e rv . , p e r s . c ommun . ) .  A l s o , the Park ' s  mean 
i nde x f o r  mas t ( 1 3 . 8 9 ± 9 . 0 5 6 , n = 1 0  yr ) i s  s i gn i f i c an t l y  
( �  = 0 . 0 0 0 7 ) l e s s  than that o f  t h e  nat ional f o re s t s  ( 3 1 . 7 1 
± 1 2 . 2 0 9 , n = 1 5  yr ) . 
Mortal i t y 
The r e c o rded mortal i t i e s  o f  marked b ear s p r o v i de on l y  a 
s amp l e  o f  the di f f e r e n t  c au s e s  o f  death . The l on g  p e r i od 
o f  s tudy p robab l y  exp l ai n s  the pr eponde ranc e o f  Park b ear s 
i n  the s amp l e . The inc e n t i v e  o f  rewards f o r  t ag r e turns 
e nc ourag e s  t h e  repo rt i n g  o f  l egal k i l l s  and l i ke l y  e xp l ai n s  
the i r  p redom inan c e  i n  the s amp l e . o n e  m i gh t  reasonab l y  
expe c t  l e gal ki l l s  to b e  adu l t s  thus e xp l a i n i n g  the i r  
p r edom i n ance .  P oac hing i s  cons i de red a p r i n c i pal s o ur c e  o f  
mo rtal i t y i n  the s tudy are as , b u t  mo s t  i l l e gal ki l l s  go 
u n r epo r t ed . Ther e  is l i t t l e  reas o n  t o  s u spe c t  that 
poac h i n g  is more pronounced in the Park than the nat io nal 
f o r e s t s  ( s e e  Tab l e  1 . 7 ) . 
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B y  age group and s ex ,  mort a l i t y ra t e s  o f  b e ars i n  the 
Smo k i e s  were l arge ly c omparab l e  to tho s e  o f  other s t udi e s  
( T ab l e  1 . 9 ) . I n  an e arl i e r  s tudy o f  b e ars o f  GSMNP , B e eman 
( 1 9 7 5 ) de t e rm i ned an o v era l l mort a l i t y  rate o f  2 2 % .  B a s ed 
o n  the surv i v a l  o f  radi o- c o l l are d b e ars , Se ibert ( 1 9 8 9 ) and 
o t h ers ( Brody 1 9 8 4 , B er i n ger 1 9 8 6 ) c a l cul a t e d an ov era l l  
mort a l i t y  r a t e  o f  a t  l e a s t  3 5 %  for b e ars i n  PNF . 
The low mort a l i ty among s ub a dul t s  i n  the s mo k i e s  ( 2 3 % ) 
i s  di f f ic ul t t o  expl a i n . H i gh mort a l i t y  amo ng sub adul t s  i s  
e xp e c t ed b e c aus e o f  the i r  vul nerab i l i t y t o  h arv e s t . 
Bunne l l  and T a i t  ( 1 9 8 5 ) c a l cul a t e d  a mort a l i t y  rate for 
s ub adul t b l ac k  b e ars i n  M i nne sot a ( 3 4 % ) wh i ch was 
c o n s iderab l y  h i gher than that f i gured for SM sub adul t s . 
The s ub adu l t  mort a l i ty r a t e  ge nera t e d  f rom c ap ture a n a l y s i s  
( 7 2 % ) l i ke l y  was overe s t im a t e d  due t o  trapping b i a s ; l o s s  
o f  m arks a l s o may b i as the re sul t s  ( A l t  e t  al . 1 9 8 5 ) . 
The d i f f erenc e in the mort a l i ty ra t e s  o f  nat i on a l  
fore s t  ( CNF and PNF ) and P ark be ars i s  re l a t ed t o  
di f f ere n t  management s trat e g i e s . Hunt i n g  i s  proh i b i t e d  i n  
the P ark but i s  perm i t t ed in a l l  but re l a t i v e l y  s m a l l 
port i o n s  o f  the n a t i o n a l  f o re s t . Pre v ious s t udi e s  o f  PNF 
b e ar s  sugge s t ed the h i gh mort a l i t y ra t e s  o f  s ub adul t s  and 
adul t s , e sp e c i a l l y  m a l e s , i s  due t o  i n t e n s e  hun t ing 
pre s s ure , l ong hun t ing s e a s on s , and h i gh ro ad de n s i t i es 
wh ich impro ve a c c e s s  by hunt ers ( Brody 1 9 84 , Bering er 1 9 8 6 , 
S e ibert 1 9 8 9 ) . H i gh cub mort a l i ty i n  the P ark may be due 
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t o  di f f erenc e s  i n  h ab i t a t qu a l i t y  b e twe e n  t h e  P ark and the 
n a t i o n a l  f o re s t s . 
P op u l a t1on S i z e  and S t ab i l i ty 
E s t im a t e s  o f  popu l a t i o n  de n s i ty in t h e  smoki e s  were 
c o n s i s t e n t  w i t h pre v ious e s t i m a t e s. U s ing v ar i o u s  m e thods , 
C ar l o c k  e t  a l . ( 1 9 8 3 ) e s t imated t h e  den s i t y  o f  be ars in SM 
at 0 . 1 8 - 0 . 4 6 b e ars /km2 and in GSMNP at 0 . 0 8 - 0 . 5 9 b e ar s / km 2 • 
Us i n g  radi o i s o t ope s  and s c at c ou n t s , P e l t on and Marcum 
( 1 9 7 5 ) p l a c ed the GSMNP den s i t y at 0 . 2 5 1  b e ars / km 2 • B a s ed 
o n  c apture da t a , Brody and S t on e  ( 1 9 8 7 ) e s t i m a t e d  the 
den s i ty of b e ars in PNF to b e  0 . 1 9 3  b e ar s / km 2 • I n  
c omp ari s o n  to o t h e r  popu l at i o n s  i n  North Am eri c a ,  the s e  
e s t i m a t e s  are l ow t o  i n t e rm e di a t e  o n  a l ow- h i gh den s i ty 
c o n t i nuum ( T ab l e  1 . 9 ) . 
Al though the Jo l l y- S eber m e thod o f  popu l at i o n  
e s t imat i on v i o l a t e s  t h e  f ewe s t  a s sump t i on s  and 
inc orpora t e s  the mo s t  d a t a  ( C arl o c k  et a l . 1 9 8 3 , H a l l e t t  e t  
a l . 1 9 9 1 ) , the popu l at i o n  e s t imat e s , e s p e c i a l l y thos e  o f  
t h e  n a t i o n a l  f ore s t , mu s t  b e  int erpre t ed c are fu l l y . 
Ge n e ra l l y ,  m ark-rec apture an a l ys e s  requ i re l arge s amp l e s . 
In t h e  P ark , trapp ing was e x t en s ive , and a l arge numb e r  o f  
b e ar s  u s u a l l y  were c au gh t  e a ch y e ar ( me an : 4 1 . 3  ± 1 2 . 1 6 
be ar s j yr ,  � = 1 7  yr ) ;  h ow e v er , s amp l i ng i n  the n a t i on a l  
fore s t s  was l e s s  extens i v e , and f ar f ewer b e ar s  were 
c apt ured ye arly ( 9 . 4  ± 6 . 2 3 b e ar s j yr ,  n = 20 yr ) .  Al s o , 
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the r a t i o  o f  t r ap l i n e  l en g th to a r e a  w a s  much g r e a t e r  in 
the n a t i o n a l  f o re s t s ( 1 6 km : 9 7 km 2  = 0 . 1 6 )  than i n  the P a r k  
( 4 0 km : 5 0 6 km 2  = 0 . 0 8 ) ; a l though w e l l - d i s t r ib u t e d , the 
comp a r a t i v e l y  fewer t r ap l i n e s  i n  the P a rk l e f t  s om e  a r e a s  
uns amp l ed . Adj u s t i ng f o r  t h i s  d i s p a r i t y  b y  r andom l y  
d i s r e g a rd i n g  o n e  h a l f  ( 0 . 0 8 7 0 . 1 6 = 0 . 5 )  o f  the t r ap 
r e c o rds o f  N F  b e a r s  ge n e r a t e d pe rh ap s  m o r e  r e a l i s t i c  
popu l a t io n  e s t im a t e s  o f  1 5  b e ar s  ( 0 . 1 8 b e ar s / km 2 ) and 1 0  
b e a r s  ( 0 . 0 9 b e a r s / km 2 ) i n  CNF and PNF s tudy a r e a s , 
r e s p e c t iv e l y . 
Few e s t i m a t e s  o f  the i n t r ins i c  r a t e  o f  popu l a t ion 
g r owth ( r )  o f  b l a c k  b e a r s  e x i s t . For b e a r s  i n  Shenandoah 
Nat i o n a l  P a rk and Gre a t  D i s m a l  swamp , VA , r = 0 . 0 0 0  ( C arney 
1 9 8 5 ) , and r = 0 . 0 0 3 2  ( He l l gr e n  1 9 8 8 ) , r e s pe c t i v e l y ,  
prov iding ev i de n c e  that the s e  be ar popul at i o n s  a r e  
v i r t u a l l y  s t ab l e . E s t im a t e s  f o r  SM i nd i c a t e  a s l i gh t l y  
( 2 % ,  GSMNP ) t o  mode r a t e l y  ( 1 1 % ,  NF ) i n c r e a s i n g  popul at i on . 
The s e  e s t im a t e s , too , n e e d  to b e  i n t e rp r e t e d  c au t i o us l y  a s  
s l ight v a r i a t i o n s  o f  the l i f e  h i s t o r y  v a l u e s  ( s e e  Appendi x  
B )  u s ed f o r  c a l c u l a t ing r c a n c a u s e  v a r i a t i o n s  in i t s  
e s t i m a t ion . 
Th e dens i ty and growth r a t e s  o f  the SM b e ar popu l a t ion 
a r e  c o n s i s t e n t  w i th the f indings of Tann e r  ( 1 9 6 6 ) . For 
m o s t  a n im a l  popu l a t i ons , T anne r  ( 1 9 6 6 ) argu e s  th a t  den s i t y  
i s  c o r r e l a t e d i nv e r s e l y  w i th growth . I n  the n a t i on a l  
f o r e s t s , whe r e  b e a r  den s i ty i s  l ow ,  t h e  growth r a t e  i s  
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h i gh ;  i n  the P a r k , whe r e  the den s i t y  i s  r e l a t i v e l y  h i gh , 
the growth r a t e  i s  l ow .  Th i s  i nv e r s e  r e l a t i o n s h i p tends to 
p romo t e  s t ab i l i ty amon g a n i m a l  pop u l a t ions ( T anner 1 9 6 6 ) ; 
un l e s s  sub j e c t e d to l a rge - s c a l e  h ab i t a t a l t e r a t i o n s , 
n a t u r a l l y - o c c u r r i ng popu l at i o n s  r a r e l y  grow t o  ex c e s s i v e  
numb e r s  or de c l i n e  to e x t i n c t i on ( T ann e r  1 9 6 6 ) . 
I n  i l l u s t r a t i n g  the i mpo r t an c e  o f  h a rd m a s t  t o  
rep roduc t i on a n d  s u rv i v a l  o f  b l ac k  b e a r s  i n  the s mo k i e s , 
the mode l s i m u l a t i o n s  indi c a t e  both outcome s :  e xponent i a l  
growth and e x t i n c t ion . D e s p i t e  t h e  e x t reme o u t c o m e s ,  the 
mode l i s  us e f u l  in that it do e s  i l l u s t r a t e  the i mpo r t a n c e  
o f  food a n d  c o n s equen t  t rends i n  pop u l a t ion growth . 
Howeve r ,  t h e  f a c t  that th e mode l p r ed i c t s  a popu l a t i o n  
dec l in e  e v e n  w i th ye a r - t o- ye a r  v a r i a t i o n  in m a s t  indic a t e s  
we akn e s s e s  i n  the mode l . Ma s t  a v a i l ab i l i t y de s c r ib e d  a s  
good , b ad , a n d  av e r age m ay b e  i n adequ a t e  in p o r t r ay i ng o ak 
m a s t produ c t i o n  i n  the smo k i e s ;  more qu a l i t a t i ve d i v i s ions 
( e . g . f a i r , f a i r l y  good/po o r , e t c . ) m i gh t  be more 
c o n s i s t e n t  w i t h  r e a l i t y  and i mprove the mode l ' s  pred i c t ive 
c ap ab i l i t i e s . A l though add i n g  a v a r i ab l e  ( e . g . food 
a v a i l ab i l i t y )  to the mode l adds r e a l i s m , the L e s l i e m a t r i x  
i s  a s i mp l e  mode l . I t  i nh e r e n t l y  predi c t s  ext r e m e s  in 
popu l at ion growth o r  de c l ine depending on t h e  i n i t i a l  
numb e r s  i n  the popu l a t i o n ( S .  S t r i ngham , p e r s . c ommun . ) .  
The l ow in i t i a l  numb e r s  o f  NF b e a r s  ( e . g . 2 0  f e m a l e s , s e e  
F i g . 1 . 1 3 )  probab l y  e xp l a i n  the i r  rap i d  dec l in e  i n  b ad m a s t  
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ye a r s  and f a i l u r e  t o  r e spond in good on e s . G i v en po s s i b l e  
p e r i o d i c  f l u c t u a t ions i n  m a s t  produc t io n  and the l o ng- l i ved 
nature of b l ac k  b e a r s , 2 0  ye a r s  i s  not eno u gh t im e  to 
adequ a t e l y  a s s e s s  the v a r i at i o n s  of m a s t and i t s  i n f l u e n c e  
o n  b e a r r e p r oduc t ion ; undo ub t e d l y , m o r e  ye a r s  o f  d a t a  wou l d  
impro v e  t h e  v a l i d i ty o f  t h e  mode l . 
Th e mode l a l so f a i l s  t o  inc lu de o t h e r  f a c t o r s  wh i c h 
i n f l u e n c e  t h e  popu l a t i o n . S o f t  m a s t , s u c h  a s  b e r r i e s  
( Rubu s  spp . , V ac c i n ium s pp . , Gayl u s s ac i a  spp . ) ,  che r r i e s  
( P r unus s e r o t i n a ) and g r a p e s  ( V i t i s  spp . ) ,  l i k e l y  moder a t e s  
t h e  e f f e c t s  o f  h ard m a s t  f a i l ur e s  ( Ga r s h e l i s  and P e l t on 
1 9 8 1 , E i l e r  e t  a l . 1 9 8 9 ) . Indi v i du a l  v a r i a t i o n  in b e a r s  
a l s o  i s  ne g l e c t e d  i n  t h e  mode l a s  a r e  t h e  d i r e c t  e f f e c t s  o f  
i mm i g r a t i on and dens i ty .  I n  the f u t u r e , r e v i s i o n s  o f  t h e  
mode l sho u l d a t t empt t o  i n c o rpo r a t e  s om e  o f  the s e  e f f e c t s . 
P o pu l at io n  Con t r o l  and M a na gement 
Ex t r i n s i c  and i n t r i n s i c  f a c t o r s  control the b e a r  
popu l a t i o n  o f  t h e  Smo ky Moun t a in s . H ab i t a t qua l i t y  ( e . g . 
h a r d  m a s t ) , app a r en t l y , i s  l im i t i n g  the popul at i o n , but 
o th e r  f a c t o r s  a l s o app e a r  important in r egu l a t i n g  the 
numb e r s  o f  b l ack b e ar i n  th e s e  mo unt a i n s . 
The dat a c l e ar l y  ind i c a t e d  t h a t  h a r d  m a s t  p rodu c t i o n  
and r eprodu c t i on a r e  c l o s e l y  l inke d . Spec i f i c a l l y , hard 
m a s t  a v a i l ab i l i t y  i s  impo r t an t  t o  f em a l e  repr oduc t ion and 
c ub s ur v iv a l . The s e  dat a and tho s e  f rom ano ther s tudy in 
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th e sam e ar ea ( Eil er e t  al . 1 9 8 9) indi ca ted an in cr eas e i n  
th e p er c en tag e o f  la c ta ti ng f emal es i n  y ears follo wing 
abundan t mas t, par ti cularly whi te oa k mas t ;  y ears o f  poor 
mas t yi eld ( e .g. 1 9 8 2 ) r esul t ed in d e cr eas ed cub sur vival . 
Mas t a p p ears to b e  an im por tan t po pula tion r egula tor i n  
bo th th e na tional for es ts and th e Par k .  Th es e  findings 
su p por t thos e o f  o th ers ( Jon k e l  and Co wan 1 9 7 1, Rog ers 
1 9 7 6 , 1 9 8 7 , H err ero 1 9 7 8, Bunn ell and Tai t 1 9 8 1 , L e Coun t 
1 9 8 2, B e e cham 1 9 8 3 , Elo we 1 9 8 7 , Eil er e t  al . 1 9 8 9 ) who 
argu e tha t nu tri tion is th e chi e f  con trol o f  b ear 
r eprodu c tion . 
Som e au thors ( M ech 1 9 7 0 , Fr e e  and M c Ca f fr ey 1 9 7 2, 
Craigh ead e t  al . 1 9 7 4 , M c Cullough 1 9 8 1 , Sha f f er 1 9 8 3, 
S tringham 1 9 8 3 ) pro pos e tha t r eprodu c tion in mammals may b e  
d ensi ty-d e p end en t ;  ho wev er, this is no t con clusiv ely 
su p por t ed by da ta on bla c k  b ears in th e smo ki es . 
con c eivably , mo r tali ty du e to hun ting may , in par t ,  caus e 
the e l evat ed r epr odu ct iv e ra t es o f  f ema l es i n  the n at i ona l  
for es ts wh er e ha rv es t  ra t es ar e high ; i f  hun ting can r edu c e  
th e d ensi ty enough so tha t f ewer b ears en joy mor e habi ta t ,  
th en r eproduc tiv e ra t es o f  th e f ew er f emal es would im prov e .  
In Minn eso ta , M e ch ( 1 9 7 0) sho wed tha t th e twi nning ra t es o f  
th e Isl e Royal e moos e h erd was high er a f t er wolv es arriv ed 
on th e island and pr ey ed on moos e .  M e ch ( 1 9 7 0) sugg es t ed 
tha t th e high produ c tivi ty in th e moos e h erd was a r esul t 
o f  im p rov ed ava ilabili ty o f  habi ta t du e to th e limi ting 
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i n f luence  o f  wol ve s . Al though corr e l at ion analys i s  
indi c at e s  an inve rse  r e l a t ionsh ip b e tween dens i t y  and the 
l a c t at ion r a t e s  o f  CNF ( r  = - 0 . 0 5 3 ) , PNF ( r  = - 0 . 2 4 9 ) , and 
GSMNP b e ar s  ( r  = - 0 . 1 3 5 ) , th i s  r el at i on s h ip is no t 
s i gn i f ican t  (f � 0 . 6 8 6 ) . A c ompens atory respons e may 
ex i s t , bu t i t s  e f f e c t s  l i ke ly are overshadowed b y  thos e  o f  
nutr i t ion . 
However , l e g a l  and i l l e gal hun t in g  i s  common and may 
inf luence  the SM populat ion of bears , e s pec i a l l y  in the 
nat ional  fores t s . Man is a c h i e f  c aus e of mort al i ty in the 
n at i o n a l  fore s t s , par t i c u l arly in P i s gah Nat ional Fore s t  
whe r e  hun t ing p r e s sure i s  inten s e  ( B rody 1 9 8 4 , B e r inger 
1 9 8 6 , S e ib e r t  1 9 8 9 ) . N e a r l y  90% o f  re corde d  mort a l i t i e s  i n  
t h e  nat ion a l  f o re s ts and n e arly 7 5 % o f  recorded mo rtal i t i e s  
i n  the P a r k  we re a t t r ibuted to the l egal  o r  i l legal  harve s t  
( s e e  Tab l e  1 . 7 ) . Al though data are l ac k ing , there  i s  much 
anecdo t al e v i dence  t o  s ugge s t  that poaching i s  a 
s i gn i f i c ant source o f  mort a l i ty in portions of  the P ark 
( e . g . P ar s on ' s  B r anch Road ) . 
B l ack bear abundance  in  GSMNP a l s o  appe ars t o  b e  
de t e rm ine d b y  dens i ty-dependent mort a l i t y . Inc r e a s e s  in 
the P ark ' s dens ity are po s i t ively correl ated with 
Tenne s se e ' s  l e gal  harv e s t  and negat ive ly , though not 
s ign i f i c an t ly ,  correl ated with the ye arly p e r c en t age  of  
sub adu l t s  ( r  = - 0 . 1 8 8 , f = 0 . 5 0 2 ) . W i th inc reas ing 
dens ity , young bears  in GSMNP may be forced to the P ark ' s 
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l e s s -pr o t e c t e d  p e r ime t e r , wh e r e  they a r e  s ub j e c t e d  to more 
hun t in g  and p o a c h i n g . E ar l i e r  s tu d i e s  o f  b e ar s  i n  the P ar k  
( B e em an 1 9 7 5 , Gar she l i s  and P e l ton 1 9 8 1 ) i n d i c a t e  t h a t  
s o c i a l i n t o l e r an c e ,  wh i c h  i s  p r e v a l e n t  b e tw e e n  adu l t  and 
s ub adu l t  m a l e s  p a r t i c u l ar l y  dur i n g  p o o r  m a s t ye a r s , c au s e s  
b e a r s  t o  d i s pe r s e  t o  the P a r k ' s p e r ime t e r  and b e yond . 
The r e p o r t s  o f  the k i l l ing o f  s n a r e d  b e a r s , u s u al l y  
s ub a du l t s , b y  adu l t  m a l e s  ( Jonke l and cowan 1 9 7 1 ,  Kemp 
1 9 7 6 ) promp t e d  the hypothe s i s  o f  adu l t  m a l e s  as popul a t ion 
r e gu l a t o r s  ( Ru f f  1 9 8 2 ) . O th e r s  ( Bunne l l  and T a i t  1 9 8 1 , 
M c Cu l l ou gh 1 9 8 1 , Young and R u f f  1 9 8 2 , L i ndzey e t  a l . 1 9 8 3 , 
Ro g e r s  1 9 8 7 ) , s in c e , h av e  a rgued the impo r t an c e  o f  m al e ­
m a l e  i n t e r a c t i ons and s ub s e quent d i spe r s a l i n  r e gu l a t i ng 
bear popu l at io n s . I n t e r a c t ions app e a r e d  t o  i n c r e a s e  w i th 
de n s i ty ( S toke s 1 9 7 0 ) , and dec r e a s e  w i th food abundanc e 
( E gb e r t  and S t o k e s  1 9 7 6 , G a r s he l i s  and P e l t on 1 9 8 1 ) . 
B e e ch am ( 1 9 8 0  i n  Ruf f 1 9 8 2 ) and LeCount ( 1 9 8 2 ) a r gued that 
s ub adu l t  d i s pe r s al is  t h e  m o s t impo r t an t  regu l a t o r  o f  
unexp l o i t e d  popu l a t i o n s ; howe v e r , i n  an exp l o i t e d  
popu l a t i on o f  b e a r s  i n  Mon t an a , Jonke l and Cowan ( 1 9 7 1 ) 
impl i c ated m a l e  ant agon i s m  ( e . g . ago n i s t i c  e n c oun t e r s , 
c anniba l i sm ) a s  the p r imary i n t r i n s i c  f o r c e  i n  r e gu l a t i n g  
that b l ac k  b e a r  popu l at i on . Regu l a t i on by agon i s t i c 
encoun t e r s  h a s  b e e n  no t e d  in othe r a n i m a l  popu l a t ions such 
a s  r e d  dee r  ( ce rv u s  e l aphu s ) ( Wynn e - E dw a rds 1 9 6 2 ) , vo l e s  
( M i c ro t u s  spp . ) ( Ch r i s t i an 1 9 6 3 ) , and m u s k r a t s  ( Onda t r a  
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spp . ) ( E rr ington 1 9 6 3 ) . 
I n  the Park , management a l s o  may i n f luenc e the s i z e  o f  
the b e a r  popu l a t i on . Removal o f  l a rge numb e rs o f  prob l em 
b e a r s , usual l y  m ature m a l e s , in c e rt a i n  ye ars  ( e . g . 2 0  
b e a r s  removed  i n  1 9 7 9 , w .  J .  cook , Natl . P ark S e rv . , 
unpub l . da t a ) c omb ined with  the per iodic egre s s  o f  m a l e s  in 
s e a rch o f  food appe a r  t o  de c re a s e  popu l at i on numb e r s . 
The s e  f i ndings are  contr ary t o  tho s e  o f  Kemp ( 1 9 7 6 ) who 
noted that the r emoval o f  adu l t  b e a r s  from a popul ation in 
northern Alb e r t a  c aused an i n f lux of subadu l t s  and an 
i nc r e a s e  i n  popu l at ion s i z e . However , the e f fe c t s  of the 
removal o f  b e a rs from the P a rk e xp l a in s  only 2 6 % o f  the 
v a r i a t i on in dens i ty and l i kely  are overshadowe d by the 
e f f e c t s  of nut r i t ion and subadul t d i sp e r s a l . 
D i s e a s e  and paras i t e s  probab l y  have very l i t t l e  imp act 
on the  health of  the SM bear popu l at ion . I n  3 ye ars  o f  
handl ing over 1 0 0 bears , only 1 death wa s a t t r ibuted t o  
d i s e a s e  ( t oxop l asmo s i s ) . Cook ( 1 9 8 2 ) e xam ined ne arly 3 0 0  
b e ars i n  GSMNP for pre s en c e  o f  d i s e a s e  and paras i t e s  and 
conc l uded that P ark b e a r s  we re h e a l thy . In some s tudies  
( s e e  Rogers  1 9 8 3 , 1 9 8 7 ) , d i s e a s e s  in bears , par t i c u l arly of  
the gums and t e e th , have been no ted , but no dec imat i on o f  
b e ar popu l at i ons  b y  d i s e a s e  o r  paras i t e s  has  b e e n  reported 
( Pe l ton 1 9 8 2 , Roge r s  1 9 8 7 ) . 
I n  sum , s everal  ingredients  are  important in 
s u s t ain ing a v i ab l e  b l ac k  bear  popu l a t ion in the Smoky 
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Moun t a i n s : 1 )  Food , p ar t i c u l a r l y  hard m a s t , i s  v i t a l  t o  
b l a c k  b e a r  reproduc t i on . F o r e s try p r ac t i c e s  and l and 
m an a gement promo t ing the p roduc t i on o f  hard m a s t  a l s o wou l d  
f o s t e r  b l a c k  b e a r  produc t i on . 2 )  The prot e c t ion o f  adu l t  
f e m a l e s  who s e  f e rt i l i t y  i n c r e as e s  w i t h a ge and we i ght . The 
e s t ab l i shment of bear s anc tuar i e s  and l a t e  hun t i n g  s e a s on s  
i s  important i n  p ro t e c t ing the f em a l e  s e gm e n t  o f  t h i s  
popu l a t ion a n d  o th e r s  ( R i e f f enbe r g e r  1 9 7 6 , Raybourne 1 9 7 8 ) . 
3 )  The cont inuat ion o f  s t u dy o f  b l a c k  b e a r s  i n  the Smo k i e s . 
Long- t e rm s t ud i e s  o f  l a rge an im a l s ,  s uc h  a s  th i s  s t udy ,  a re 
f ew ( Sh a f f e r  1 9 8 3 ) ;  dat a c o l l e c t i on , e sp e c i a l l y  on 
rep roduc t i on , is d i f f i c u l t  but is e s s e n t i al t o  
unde r s t anding t h e  popu l a t i on dyn am i c s  o f  long - l i ve d  an im a l s  
s uc h  a s  b l a c k  b e a r s . Al though the demograph i c  da t a  
sugge s t  a popu l a t i on i n  f a i r  t o  good h e a l th , t he s e  data 
need s u rv e i l l anc e t o  e n s u r e  a s t ab l e  a g e  s t ruc ture , 
prevent ove r e xp l o i t at ion , and gua r d  a g a i n s t  l im i t s  to 
popu l a t i on v i ab i l i ty such as env i ronmen t a l  unc e r t a i nty 
( e . g . unpre d i c t ab l e  change s in we a the r o r  food s upp l y )  and 
n a t u r a l  c a t a s t r ophe s  ( e . g . f i re s  o r  drought ) ( Sh a f f e r  
1 9 8 7 ) . 4 }  The c ur t a i lment o f  poaching and mon i t or i ng o f  
the l e g a l  h arve s t  both o f  wh i c h  may h ave a s i gn i f i c ant 
imp a c t  on the popu l at i on . Hun t ing p r e s s u re may be 
inc r e a s ing due t o  the c omme r c i a l i z a t ion of body p a rt s , but 
pub l i c e du c a t ion wou l d  l owe r the l o s s of  b e a r s  t o  poaching 
and man agement a c t ions ( e . g . the remov a l  of  p anhandl e r  
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b e a r s  f r om the P ark ) . Al though c u r r e n t l y  no s e r i ou s  
de t r iment a l  e f f e c t s  o f  h a rv e s t  t o  the b e ar popu l a t i on c an 
be d e t e c t e d , harve s t  comb 1 n e d  w i th h ab i t at l o s s  t o  
f r agment a t ion ( H a r r i s  1 9 8 4 , Maehr 1 9 8 4 ) 1 r o a d  and r e s o r t  
deve l opme nt / t h e  gyp s y  m o t h  ( Lym an t r i a  d i sp a r ) wh i c h  c an 
d e f o l i a te and k i l l  m a s t  produce r s / and improp e r  t i mbe r  
p r ac t i c e s  m ay i n c r e a s e  the b e ar ' s  v u l n e r ab i l i t y  to hun t ing / 
de c r e a s e  repro duc t ion / and , a s  a c o n s equen c e , j e opar d i z e  
t h e  l a s t  s i z e ab l e  popu l a t ion o f  b l ac k  b e a r s  i n  the 
s outhe a s t . 
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PART I I  
SOME DEMOGRAPHIC  COMPARI SONS OF  WILD AND PANHANDLE R  BEARS 
IN THE SMOKY MOUNTAINS 
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I NTRODUCTION 
B l ac k  b e a r s  ( Ur s u s  ame r i c anus ) i n  s outhe a s t e r n  No rth 
Ame r i c a  h ave l o s t  app ro x i m a t e l y  9 0 %  of  the i r o r i g in al r an ge 
{ P e l t on 1 9 8 6 ) . M any b e a r  popul a t ions that rema i n  i n  the 
s outhe a s t  e x i s t  i n  cont i gu ou s  a r e a s  of n a t u r a l  f o re s t . 
The s e  a re a s  a r e  l arge l y  p ub l i c  l ands : s t a t e  and n a t i on a l  
f o re s t s  a n d  p a r k s , n a t i o n a l  w i l d l i f e  r e f u ge s , a n d  s t ate 
game l ands . The for e s t s  of the Smoky Mount a i n s  ( SM )  and 
ne i ghbo r ing r ang e s , c o n s e r ved l a rge l y  by Gre a t  Smoky 
Moun t a i n s  N a t i o n a l  P ark ( P ark o r  GSMN P ) and Cheroke e , 
Nantaha l a , Ch a t t ahoche e ,  and P i s gah N a t i o n a l  Fore s t s , 
h a rbo r  a s i gn i f i c ant numb e r  o f  b l ac k  b e a r s , s ome o f  wh i c h  
c om e  i n t o  d i r e c t  and f r equ e n t  c on t a c t  w i t h hum ans . 
B e c au s e  o f  a var i e t y  o f  f ac t o r s , inc l ud i n g  the 
v i o l at i on of  Nat ional P ar k  S e rv i c e  r egul a t i o n s  re garding 
f oo d  and b e a r s  ( P e l ton 1 9 7 5 ,  S i nge r and B r a t ton 1 9 8 0 ) , 
v i s i to r  den s i t y ( S inger and B r a t t on 1 9 8 0 , Keay and Van 
W a g t endonk 1 9 8 3 ) , b e a r  den s i ty ,  and hab i t a t  c ondi t i on 
( Harms 1 9 7 9 ) , p anhand l e r  ( p rob l em b e ar ) a c t i v i ty in the 
Smo k i e s  is c ommon . P ar k  o f f i c i a l s , in r e c e n t  y e a r s , repo r t  
an av e r ag e  o f  1 5 8  inc ident s / ye a r  ( SD = 7 6 . 7 ,  n = 1 1 ) o f  
p e r s on a l  p rope r ty dam age , a l arge p a r t  o f  wh i ch i s  c au s e d  
b y  p rob l em b l a c k  b e a r s  ( W .  J .  Cook , N a t l . P a rk s e rv . , 
unpub l . dat a ) .  
P anhandl e r s  i n  the sm o k i e s  h ave b e en charac t e r i z e d  in 
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previous  s t udi e s  ( B eeman and P e l ton 1 9 7 6 , 1 9 8 0 ;  E i l e r 1 9 8 1 i  
Tate  1 9 8 3 ; Tate and P e l ton 1 9 8 3 ) . Here and e l s ewh e re , many 
res e archers  h ave indic ated that b l ac k  b e ars  ut i l i z ing h i gh ­
ene rgy , hum an-made food grow f a s t e r  and mature e a rl ier  
( Raus ch 1 9 6 1 , Rogers 1 9 7 6 ,  Roge rs e t  al . 1 9 7 6 , A l t  1 9 8 0 , 
E i l e r 1 9 8 1 , Tate  1 9 8 3 , Tate  and P e l ton 1 9 8 3 , Roge rs 1 9 8 7 ) . 
D i f f e renc e s  i n  chara c t e r i s t i c s  betwe e n  the s e  b e a r s  and 
b l ac k  b e a r s  that s urv ive  on n at u r a l  foods only  ( wi l d  b e a r s ) 
l ike ly re f l e c t  hab i t at qu a l i ty .  
I n  th i s  p ape r , the demographi c  charac t e r i s t i c s  o f  a 
re l at ively  l a rge s amp l e  o f  w i l d  and p anhand l e r  b e a r s  we r e  
c ompared and re l at ed to t h e  nut r i t ional qua l i t i e s  o f  
h ab i tat  in t h e  Smoky Mount a i n s . 
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STUDY AREA 
D a t a  we re  c o l l ec t e d  in the nor thwe s t  qu arter  o f  Gr e at 
Smoky Moun t a ins National  P a rk ( F ig . 2 . 1 )  f rom 1 9 6 8 - 1 9 8 9 . 
The P ark cons i s t s  o f  2 0 7 4  krn � div ided nearly  e qu a l l y  
b e twe e n  Tenne s s ee and North Caro l i n a  and is  v i s i t e d  by 
n e a r l y  1 0  m i l l ion people  annu a l l y . The P ark i s  
charac t e r i z e d  b y  s t eep r i dge s , n a rrow v a l l e ys , cove s , and 
f a s t - f l owing s t re ams ( K ing and Stupka 1 9 5 0 ) . E l evation 
range s f r om 2 3 0  t o  2 0 3 5  rn ( P e l ton e t  al . 1 9 8 0 ) . Average  
annu al  t empe ratures v ary f rom 1 4 °C at low e l evat ions to  s oc 
on upp e r  s l op e s  ( Shanks 1 9 5 4 ) . Con s idered a t emperate  r a i n  
f o r e s t  ( Thornthwa i t e  1 9 4 8 ) , the P ark re c e i ve s 1 4 0  ern o f  
annual pre c i p i t at ion at l ow e l evat ions and 2 3 0  e rn  a t  high 
e l ev a t ions ( S tephens 1 9 6 9 ) . S ix maj o r  f o r e s t  typ e s  are  
recogn i z ed ( Shanks 1 9 5 4 ) : cove  hardwood , hem l o c k  ( T suga 
c anadens i s ) ,  nor thern hardwood , open o ak-pin e  ( Quercus 
spp . - P inus spp . ) ,  c lo s e d  o a k , and spruc e - f i r ( P i c e a  rub ens ­
Ab i e s  f r a s e r i ) .  Unde r s tory vege t at ion i s  dom inated by 
mount a in l aure l ( K almi a l at i f o l i a ) ,  rhododendron 
( Rhododendron spp . ) ,  b l uebe rries  ( Vacc iniurn spp . ) and 
huc k l eberr ies  ( Gaylus s a c i a  spp . ) .  
The P is g ah N a t i on a l  Fore s t  ( PNF ) s tudy area  compr i s e s  
1 1 4 krn 2 ( Be r inger 1 9 8 6 ) i n  North Caro l i na ( F ig . 2 . 1 ) . Th i s  
are a , northe a s t  o f  GSMNP , i s  s im i l a r  t o  t h e  P a rk i n  t e rms  
of  c l imate and g e o l ogy . E l evati ons c ommonly  range from 
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4 3 9  t o  1 4 1 1  m ( B e r 1 n g e r  1 9 8 6 ) . O f  the n e a r l y  2 0 0 0  p l ant 
s p e c i e s  i de n t i f ied i n  t h i s  n a t i on a l  f o r e s t , s e v e r a l  are 
p r e dom inant i n  the o ve r s t o r y  inc l u d i n g  wh i t e  ( Qu e r c u s  
a l b a ) , northern r e d  ( Qu e r c u s  rub r a ) ,  s c ar l e t  ( Qu e rc u s  
c o c c i n e a ) a n d  c h e s tnut o a k s  ( Qu e r c u s  p r inus ) ,  h i c kory 
( C arya spp . ) and yel low-pop l ar ( L i r iodendron t u l ip i f e r a ) ;  
n e a r l y  9 0 %  o f  the s tudy a r e a  i s  i n  hardwoods w i th oak o r  
o a k - a s s oc i a t e s  c omp r i s i n g  7 4 %  ( US F S  1 9 8 1  i n  B e r i n g e r ) .  I n  
1 9 7 1 the a r e a  w a s  de s i gn a t e d  a s  the H armon D e n  B e a r  
S an c t u ary w i th hun t ing r e s t r i c t e d t o  that o f  s m a l l  game 
( e xc l uding r a c c oon ) and d e e r  ( Be r i nge r 1 9 8 6 ) . B e a r  
po a c h in g  w i th i n  and around t h e  s anc t u a ry l i ke l y  i s  a 
s i gn i f i c an t  s ou rc e  o f  mo r t a l i ty . Logging ope r a t i on s , 
managed by t h e  U .  s .  F or e s t  S e rv i c e , c o n t inue t oday 
a l though not w i th the s am e  i n t e n s i t y  a s  in the e a r l y  1 9 0 0 ' s  
( Be r inger 1 9 8 6 ) . The U n i v e r s i t y  o f  Tenne s s e e  h a s  c ondu c t e d  
b l a c k  b e a r  r e s e ar c h  i n  P i s g ah N a t i on a l  Fore s t  s in c e 1 9 8 2 . 
I n  the s am e  mount a i n  r ange , but t o  the s o u t hw e s t  o f  t h e  
P a r k , l ie s  the Che ro k e e  N a t iona l Fo r e s t  ( CNF ) s t udy a r e a  
( F i g . 2 . 1 ) . I t  i s  s it u a t e d  w i t h i n  the Te l l i c o  Ranger 
D i s t r i c t , Tenne s s e e , and c o n s t i t ut e s  ab out 7 6 0  km 2 
( C l ev enge r 1 9 8 6 ) . I t  a l s o  i s  s im i l ar i n  geo l o gy and 
c l im a t e  t o  that of the P a rk . E l ev a t i o n s  r ange f rom 4 5 0  to 
1 5 5 0  m ,  and the a r e a  is gene r a l l y  charac t e r i z ed by s t e e p  
moun t a ins a n d  f as t - f l ow i n g  s t r e am s  ( C l evenger 1 9 8 6 ) . I t  i s  
9 9 % f o re s ted w i t h  5 maj o r  p l an t  commun i t ie s  r e c o gn i z e d : 
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c ove hardwood ,  northern ha rdwood , oak-hi ckory , pine , and 
me s i c  hem l o c k  ( C l e venger 1 9 8 6 ) . Th e f o r e s t cover was 
s ign i f i c an t l y  a l t e re d  by l ogging and a s s o c i at e d  f i res  unt i l  
the Fo re s t  Serv i c e  purc h a s e d  th e l and i n  the 1 9 3 0 ' s  
( Cl evenger 1 9 8 6 ) . A 1 2 4 - km 2  s e gment  o f  the s t udy area 
s e rv e s  as a bear r e fuge r e s e rved for  s ma l l  game hunt ing 
( Cl e venge r 1 9 8 6 ) . B l ac k  bear data we re c o l l e c t e d in the 
Ch erokee s tudy area f rom 1 9 7 2 - 1 9 8 4 . 
9 4  
MATERIAL S  AND METHODS 
W i l d  and panh andl e r  b e a r s  we re c aptured f rom spring  
through f a l l , 1 9 6 8 - 1 9 8 8 , w i th snares  or culvert  t r aps . 
Trapp ing and marking t e chnique s de s c r ibed by John son and 
P e l ton ( 1 9 8 0� , £ )  we re us e d . In mos t  c as e s , a 2 0 : 1 0 : 2  mg/ml 
m ixture o f  rompun , ke t as e t , and c a rboc a ine was u s e d  to 
s e da t e  the b e a r s , though , in the early ye ars  of  the s tudy , 
oth e r  immob i l i z ing dru gs wer e  empl oyed ( Cook 1 9 8 2 ) . A 
premol ar ext r ac t ed f rom e a ch bear  was s e c t ioned and s t a ined 
( E agle and P e l ton 1 9 7 8 ) for age determinat ion ( Wi l l ey 
1 9 7 4 ) . B e a r s  who s e  ages  we re > 3  yr we r e  cons idered adul t s . 
Fem a l e s  we r e  exam ined f o r  ev idence  o f  l ac t a t ion , and to a i d 
i n  i t s  de t e c t ion , oxytoc in o r  p i toc in was adm in i s t e red . 
Body we ights were measured w i th spring s c a l e s  ( 3 0 0 - and 
5 0 0 - lb c apac ity ) ;  the s e  we ights  we re l at e r  c onv e r t e d  to 
k i l ograms . In  add i t ion to  the body m e as urements outl ined 
in L eCount ( 1 9 86 ) , the f o l l owing were measur e d :  head width 
at the zygomat ic arch ; he ad l ength - f rom th e t ip of the 
no s e  t o  the apex o f  the  s ag i t t a l  c re s t ; f o r e a rm 
c i rcum f e rence - at the point  imme d i a t e l y  d i s t a l t o  the 
e lbow . 
L i t t e r  s i z e  was de t e rm i ned f rom v i s ual ob s ervat ions at  
c apture and dur ing win t e r  den inv e s t i gat i on s . Sonagram 
an alys i s  a l s o  was used t o  a s s e s s  l it t e r  s i z e  ( Wathen 1 9 8 3 ) . 
F i e l d data we r e  organ i z ed and s t a t i s t ic a l l y  analyzed 
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with  the s t a t i s t i c al analys i s  systems  ( SAS I n s t i tu t e  1 9 8 5 ) . 
B e c au s e  wi thin- year rec aptures  were low ( < 5 %  for  wild and 
< 1 5 %  for p anhandl e r  bears ) and to  incorporate  a l l  the dat a ,  
rec ap tures  were u s e d  i n  the analys i s  un l e s s  otherw i s e  
indi c a t e d ;  an a l ys e s  incorpo r a t ing d a t a  j us t  o n  individual 
b e ars  were s im i l ar in t e rms o f  s i gn i f i c ant re s u l t s  ( Mc L e an 
unpub l . data ;  s e e  Tab l e  2 . 1 ) . M a s t  inde x  v a l ue s  ( C .  J .  
Wh i t ehe ad , o a k  m a s t  y i e l ds on wi l dl i f e  m anagement areas in 
Tenne s s e e , Tenn . Game and F i sh , unpub l . rep . , 1 1 pp . , 1 9 6 9 ;  
s e e  Appendix A )  were generated  f rom m a s t  data c o l l e c t e d  
annu a l l y  ( Tenne s s ee Wi ldl i f e  Res ource s  Agency , unpub l . 
dat a ) . Age o f  pr imipar i t y , b a s e d  on e v i dence  o f  l ac t at i on 
and/or young was  de t e rmined f rom reproduc t i ve h i stori e s . 
Ch i square s e rved to a s s e s s  the degree o f  a s s oc i a t ion 
b e tween 2 or more vari ab l e s . Th e t - t e s t  s e rved to comp are 
m e an s  of the body measureme n t s  and age s . B a s e d  on mean 
we ights for  w i l d  and p anh andl e r  bears , the an alys i s  of  
cov a r i ance was  used  to mode l the  growth rates  o f  b e ars . 
B l a c k  be ars  o f  the Smoki e s  l ikely b e long to  one 
popu l at ion a l though some o f  the ana l ys i s  m ay s ugges t  
oth e rwi s e . E m i grat ion and imm i gr a t i on o f  b e a r s  among the 
study a r e a s  ( Quigley  1 9 8 2 , carr 1 9 8 3 ) indi c at e  a s ingle  
popu l a t ion ; l ong-di s t an c e  movemen t s , part i c u l arly  by m a l e s , 
ensure gene f l ow b e twe en b e ars  in the n a t ional forests  and 
the P ar k  and b e tween wild  and panh andl e r  bears . Howev e r ,  
because  management i n  the P ark d i f f e r s  from that i n  the 
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nat ional fore s t s , one m i ght  exp e c t  regional d i f f e rences  
within the popu l a t ion ; demograph i c  f e atures  of  Park b e a r s  
might vary f rom tho s e  o f  t h e  nat ional  fores t .  A port ion o f  
t h i s  analys i s  attempt s  t o  exam ine some o f  the pos s ib l e  
di f f e re nc e s . 
R E SULT S 
D a t a  f rom 1 2 1 0 &  ( 6 0 4  i nd i v i du a l ) w i l d  and 4 9 2 a  ( 2 7 4  
indiv idual ) p anhand l e r  b l ac k  b e a r  c ap t u r e s  we r e  examined . 
Mo s t  ( 8 3 % , n = 1 4 1 3 ) o f  the b e a r s  we re h andled i n  Gre a t  
Smoky Moun t a i ns N a t i o n a l  P a r k . 
s e x  and Age 
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The s t at u s  ( w i l d o r  p anhandl e r ) o f  t he b e a r  and i t s  
gender we r e  a s s o c i at e d  ( X2 = 3 . 7 ,  1 df , f = 0 . 0 5 6 ) . O f  the 
w i l d  b e a r  c ap t u r e s ,  5 4 %  (� = 5 5 7 ) were m a l e s , wher e a s 6 0 % 
( �  = 2 8 9 ) o f  t h e  p anhandl e r  c aptur e s  w e r e  m a l e s . 
s t a t u s  a l s o  w a s  s i gn i f i c an t l y  ( f  < 0 . 0 0 1 ) a s s oc i a t e d  
w i t h  matur i t y  ( s ubadu l t  o r  adu l t ) .  O f  t h e  m a l e  c ap t u re s , 
2 9 %  ( �  = 1 5 2 ) o f  the w i l d  and 4 7 %  ( �  = 1 0 1 ) o f  the 
p anhandl e r  b e a r s  were s ub adu l t s  ( X 2 = 2 2 . 9 ,  1 df ) .  O f  the 
f em a l e  c ap t u r e s , 1 9 % (� = 8 6 ) of the w i l d  and 3 7 %  ( �  = 5 4 ) 
o f  the panhandl e r  b e ar s  we re s ub adul t s  ( X 2 = 1 7 . 9 ,  1 df ) . 
The m e an agesb o f  w i l d  ( 4 . 4 ± 2 . 6 4 [ SD ]  yr , � = 5 5 9 ) 
and p anhand l e r  ( 3 . 2  ± 2 . 9 3 yr , � = 1 9 4 ) b l ac k  b e a r s  we r e  
s i g n i f i c an t l y  d i f f e rent (f  s 0 . 0 0 4 ) . W i l d  m a l e s  had an 
a v e r age age of 3 . 9 ± 2 . 0 9 yr (� = 3 2 3 ) , and the m e an age o f  
•Th e s e  numb e r s  repre s en t  t o t a l s ;  s am p l e  s i z e  f o r  e a c h  
analys i s  w i l l v a r y  b a s ed o n  data av a i l ab l e . 
bMe an age s b a s ed o n  i nd i v idu a l  c aptur e s . 
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panhandl er  m a l e s  was 2 . 9  ± 2 . 4 0 yr ( �  = 1 1 5 ) . W i l d  femal e s  
av e raged 4 . 9  ± 3 . 1 6 yrs ( n  = 2 3 6 ) , and p anhand l e r s  3 . 7  ± 
3 . 5 2 yrs ( �  = 7 9 ) .  Max imum ages we re 1 5 . 5  yr f o r  w i l d  
m a l e s , 1 2 . 5  yr f o r  panhand l e r  ma l e s , 2 2 . 5  y r  f o r  w i l d  
f e m a l e s ,  and 1 6 . 5  yr f o r  panhand l e r  f e m a l e s . 
Body S i z e  
Adu l t  p anhandl ers  were s i gn i f i c an t l y  he av i e r  and l onge r 
and had l arger  necks , che s t s , and h e i ghts  at the shoul der 
than the i r  w i l d  c ount e rp art s ( Tab l e  2 . 1 ) . subadu l t s  we re 
s ign i f i c an t l y  heav i e r  than w i l d  b e ar s  ( Tab l e  2 . 2 ) . 
W i l d  bears  o f  the n a t i onal  f o re s t s we re b i gger than 
Park b e ars ( Tab l e  2 . 3 ) . Adu l t s  in Che rokee and P i s gah 
Nat ional Fore s t s  we re s i gn i f i c an t l y heav i e r  { T ab l e  2 . 3 ) . 
Subadu l t s  were s igni f i c an t l y  heavie r ,  and m a l e s  were 
s igni f i c ant l y  l arge r in a l l  body m e a su rement s  ( Tab l e  2 . 4 ) . 
P anhandl e r s  grew f a s t e r  than the i r  w i l d  coun t e rparts  
( Fi g . 2 . 2 ) . P anhandler  m a l e s  grew the f a s t e s t ;  wild  
f em a l e s  the s l owe s t . The  growth of  fema l e s  lev e l e d  o f f , 
whe reas  mal e s  cont inue d  to grow ; w i l d  femal e s  re ached the i r  
gre a te s t  we i ght  { 2 5 kg ) a t  a g e  9 ,  and p anhandler  fema l e s  
appeared t o  a t t a i n the ir  max imum we ight ( 3 5 kg ) a t  age 1 2 . 
Con t r a s t s  per formed with the ana lys i s  o f  cova r i ance  
reve a l ed that  growth o f  panhand l e r s  wa s s i gn i f i c an t l y  ( P  < 
0 . 0 5 )  d i f f e rent f rom the ir  wi ld counterp a r t s  for  a l l  age s 
above age 2 .  Autocorre l at i on did not c on f ound th i s  
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T ab l e  2 . 1 . M e an v a l u e s  o f  body m e a s u r e m e n t s  o f  adul t w i l d and 
p anh and l er b l ac k  b e ar s  h andl e d  i n  t h e  S m o ky Mount a i n s , 
1 9 6 8 - 1 9 8 8 . 
W i l d b e a r s •  Pa nhandl e r  b e ars 
B ody m e a s urement M a l e  F e m a l e M a l e Fem a l e  
W e i gh t  7 3 . 8 ° 5 0 . 1  1 0 2 . 3  .. 6 0 . 3 '" 
( 2 9 . 3 ,  3 3 5 ) "'  ( 1 3 . 6 ,  3 5 2 ) ( 4 0 . 9 ,  1 0 1 ) ( 1 4 . 0 ,  8 4 ) 
T o t a l  l e ngth 1 5 6 . 5  1 4 2 . 7  1 6 7 . 2  .. 1 5 2 . 7  .. 
( 1 7  • 9 1 3 1 1 ) ( 1 4 . 0 1 3 3 9 ) ( 1 7 . 9 ,  8 2 )  ( 1 1 . 2 1  7 9 ) 
N e c k  5 5 . 0  4 5 . 5  5 8 . 4  .. 4 7 . 5  .. 
( 1 0  • 2 1  3 0 9 ) ( 5 .  8 ,  3 3 5 ) ( 1 1 . 0 1  7 4 ) ( 5 • 7 1 7 9 ) 
Che s t  8 6 . 1  7 5 . 2  9 3 . 6 - 7 9 . 3  .. 
( 1 4 . 3 1  3 0 8 ) ( 9 .  4 ,  3 3 6 ) ( 1 8 . 9 ,  7 3 ) ( 1 1 . 0 1  7 9 ) 
shou l der 8 1 . 0  7 3 . 0  8 5 . 4 - 7 6 . 6  .. 
( 1 1 . 0 ,  3 0 9 ) ( 7 .  1 ,  3 4 0 ) ( 9 .  1 1 7 2 ) ( 6 .  3 ,  7 7 ) 
Fore arm 3 2 . 7  2 8 . 1  3 3 . 7  2 9 . r  
( 5 .  2 ,  3 0 8 ) ( 3 .  2 ,  3 3 5 ) ( 5 .  2 ,  7 5 )  ( 5 • 9 t 7 9 ) 
H e ad w i dth 2 7 . 5  2 4 . 8  2 8 . 2  2 6 . 3 -
( 4 • 8 1  2 3 9 ) ( 3 . 8 1 2 7 3 ) ( 4 .  8 , 5 7 ) ( 2 .  4 1 7 3 ) 
Head l e ngth 3 3 . 4  3 0 . 7  3 4 . 3 - 3 0 . 4  
( 3 .  6 ,  3 1 2 )  ( 1 .  9 ,  3 4 1 )  ( 3 . 5 1  8 3 ) ( 2 .  7 1 8 0 ) 
• I n c l ud e s 1 or 2 indiv idu a l s  not c l a s s i f i e d  a s  P ar k  or 
n a t i on a l  f o r e s t  b e ar s . 
o By ind i v i du a l : we i gh t  o f  w i l d  m a l e s = 6 7 . 3  ± 2 6 . 6 4 kg ( �  = 
2 0 1 )  and p anhand l e r  m a le s = 9 1 . 8  ± 4 2 . 4 0 kg ( � = 4 2 ) 1  P = 0 . 0 0 0 1 . 
"' ( SO ,  � )  
* Deno t e s  s ign i f i c ant ( f  < 0 . 0 5 )  di f f erenc e f rom t h e  w i l d  
c ount e rp ar t . 
T ab l e  2 . 2 .  M e an v a l ue s o f  body m e a s urements o f  s ub adul t  
w i l d  and panhand l e r  b l a c k  b e ar s  handl e d  i n  the Smoky Mount a i n s , 
1 9 6 8 - 1 9 8 8 . 
W i l d  b e a r s '" P an h an d l e r  bears 
Body m e a s ur e m e n t  Mal e Fem a l e  Mal e  F e m a l e  
We i ght 3 6 . 4  2 7 . 7  5 7 . 6 - 3 5 . 5 -
( 2 1 . 5  f 1 6 5 ) 0 ( 1 4 . 6 ,  1 0 7 } ( 4 7  • 9 1 1 4 7 ) ( 2 4 . 1 ,  9 8 ) 
To t a l  l ength 1 2 5 . 4  1 1 7 . 1  1 2 6 . 9  1 1 9 . 4  
( 2 3 . 0  f 1 4 8 ) ( 2 0 . 4 1  9 7 ) ( 3 0  • 0 1 1 1 5 ) ( 2 9  • 8 1  8 5 ) 
N e c k  4 0 . 0  3 6 . 0  4 0 . 5  3 6 . 6  
( 9 • 4 1  1 4 5 )  ( 8 • 2 1  9 9 ) ( 1 2 . 2 ,  1 1 3 ) ( 9 • 7 1 8 3 ) 
Che s t  6 5 . 4  6 0 . 2  6 7 . 1  6 0 . 9  
( 1 5 . 1 1  1 4 6 ) ( 1 4  • 9 1  9 6 ) ( 2 0  • 0 1 1 1 4 ) ( 1 8  • 4 1 8 4 ) 
Shoulder 6 3 . 8  5 8 . 9  6 2 . 7  6 1 . 2  
( 1 2  • 9 1 1 4 6 ) ( 1 2  • 3 1 9 3 ) ( 1 4 . 6 ,  1 0 4 ) ( 1 5  • 5 1 8 1 ) 
F o r e arm 2 5 . 7  2 2 . 9  2 5 . 7  2 2 . 6  
( 5 • 7 1 1 4 5 ) ( 4 .  8 ,  9 5 ) ( 6 • 3 1  1 1 0 )  ( 5 • 5 1  8 3 ) 
H e a d  w i d th 2 1 . 8  1 9 . 5  2 2 . 6  2 1 . 4 -
( 4 • 5 1  1 2 6 ) ( 4 • 3 1  8 0 ) ( 4 • 3 1  9 5 ) ( 4 • 3 1  7 9 ) 
He ad l ength 2 8 . 5  2 6 . 7  2 7 . 7  2 5 . 6  
( 4 • 1 1 1 4 7 ) ( 3 • 5 1  9 6 ) ( 5 • 0 1 1 1 5 ) ( 4 • 9 1  8 4 ) 
• Inc lude s 1 o r  2 ind i v i du a l s  n o t  c l a s s i f i e d  a s  P a rk o r  
n a t i onal f o r e s t  b e a r s . 
o ( SD 1 :£! ) 
* Deno t e s  a s i gni f ic a n t  ( �  < 0 . 0 5 )  d i f f erence f rom the wild 
counterp art . 
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Tab le 2 . 3. Mean val ues of body measureme nts of adu l t  w i l d  
black bears handl ed i n  Great smoky Mountains Nat ional Park 
( GSHNP) and Che rokee ( CNF) and P isgah ( PNF) Nat io nal Fo rests, 
1 972-1988. 
GSHNP CNF and PNF 
Body measurement Mal e Femal e Mal e Female 
W e i ght 71.6 48.5 84.0- 5 5 . 4 -
( 26.2 , 27 5 )• ( 1 1 .7 , 279) ( 39 . 3 ,  60) ( 1 6  • 5 1  72) 
Total l ength 1 56.1 1 42.7 158. 5  1 42.6 
( 16 . 8 ,  261 )  ( 10 . 2 1  278) ( 22 . 8 ,  50) ( 24 . 8 ,  6 1 )  
N e c k  5 4 .6 4 4 .8 5 7 . 3 48.6-
( 9. 7 ,  264 )  ( 4 .  8, 276) ( 12.4 1 4 5) ( 8 • 5 1  5 9) 
Chest 86.4 74.9 85.0 76.9 
( 14.0 1 262) ( 9.3 1  278) ( 15.9 ,  4 6) ( 10 . 1 ,  5 8) 
Shou l de r  81.5 73. 5  78.6 70 . 8  
( 10.5 1 259) ( 6 • 4 1 279) { 12.9 , 50) ( 9. 5 ,  61) 
Forearm 32.8 27.9 3 2.0 29 . 1  
( 5 • 0 1 264 )  ( 2 • 5 1  277) ( 6. 1 1  4 4 )  ( 5 • 3 1 58) 
Head w i dth 27.8 24.7 25.9 25.5 
( 4. 5 , 206) ( 2 • 9 1 227) ( 6 .  1 f 3 3 )  ( 6 • 6 1 46) 
Head l ength 3 3 .2 30.5 3 4.3 3 1 .3 -
( 3. 4 f 262) ( 1 .  6 f 280) ( 4 .  5 ,  5 0) ( 2 . 9 f 61) 
• ( SD ,  _!! ) 
* Denotes a signif ican t (�  < 0 . 05 )  difference f rom the GSMNP 
counterpar t . 
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Tab l e  2 . 4. Mean val ues of body measur ements of subadul t  wild 
b lack bears han d l ed in Great smoky Mountains National Park 
( GSHNP) and Che rokee ( CNF) and Pisgah National Forests ( PNF ) , 
1972-198 8 .  
GSMNP CNF and PNF 
B o dy measurement Mal e Female Mal e Femal e 
Weight 32 . 4  26.1 44.7- 29.8 
( 20 • 9 1  115)• ( 15.6, 66) ( 20.3, 49) ( 12 . 6, 40) 
To tal l ength 120 . 8  116.2 137 . 0"' 118 . 7  
( 22 . 8 ,  106) ( 22 . 5, 61) ( 19.4 , 42) ( 16.5, 36) 
Nec k  37.8 34 . 4  46 . 0 "'  3 8 . 7 "' 
( 8 • 1 1 105) ( 8 • 6 1  6 3 )  ( 10 . 2, 40) ( 6 .  7, 3 6) 
Chest 61.8 57 . 6  7 3 . 7 "' 64 . 6 -
( 13. 4 1  105) ( 15 . 1, 60) ( 14.9, 40) ( 13 .7 1  36) 
Shoulder 63 . 2  58 . 9  65 . 5 "' 58 . 9  
( 12.3, 105) ( 11 . 5 ,  57) ( 14 . 4, 41) ( 13. 7, 36) 
Forearm 24.5 22 . 3  28 . 4 "' 24 . 0  
( 5. 1, 105) ( 4 .  5, 59) ( 5 • 8 1 3 9) ( 5. 2 ,  36) 
Head width 21 . 1  20.4 23 . 8 "' 17.9"' 
( 3 • 9 1 93) ( 3 • 8 1 52) ( 5 • 5 1  3 3) ( 4 • 7 1 28) 
Head l e ngth 27 . 5  26 . 2  3 1 . 1"' 27. 6 
( 3. 7 ,  105) ( 3 • 5 1  60 } { 3 .  9 ,  42 } { 3 .  4, 36) 
• { SO ,  !!) 
* Denotes a significant P < 0 . 05) difference f rom the GSHNP 
counterpart. 
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F i g . 2 . 2 . Growth curves o f  m a l e  and femal e , w i l d  and 
panhand l e r  b l ac k  b e a rs in the smoky Mount ains , 1 9 6 8 - 1 9 8 8 . 
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ana l ys i s  ( Durb i n - w a t s o n  D = 2 . 2 4 ,  P > 0 . 0 5 ) . 
F e r t i l i t y  
P anhandl e r  f e m a l e s  we r e  m o r e  f e r t i l e  than wi l d  b e a r s . 
The numb e r  o f  l a c t at i ng f e m a l e s  was s i gn i f i c an t l y  
a s s o c i a t e d  w i t h  s t atus ( X 2 = 1 2 . 0 2 6 , 1 d f , ! � 0 . 0 0 1 ) . 
F i f ty - s i x p e r c e n t  ( g  = 3 4 ) o f  the p an h andl e rs were 
l ?. � t at ing , wh e r e a s  o n l y 3 3 %  (g = 1 4 6 ) of the wi l d  fema l es 
we re . In add i t ion , 1 9 %  (g = 1 7 ) o f  the pa nhandl e r  and o n l y  
2 %  (g  = 5 )  o f  t h e  w i l d  f ema l e s  we r e  ob s e rv e d  w i th l i t t e r s  
o f  3 o r  4 youn g . The m e an m in imum a g e  o f  p r i m ip a r i ty w a s  
3 . 5  yr ( ±  0 . 7 1 ,  n = 2 )  f o r panhand l e r  a n d  4 . 2  yr ( ±  1 . 0 4 ,  n 
= 2 1 ) f o r  w i l d  b e a r s . 
Fer t i l i t y v a r i ed by s tudy a r e a . F i f ty p e r c e n t  ( g  = 4 1 ) 
o f  t h e  adu l t b e ar s  in t h e  n a t i on a l  f o r e s t s  and on l y  2 9 %  ( g  
= 1 0 5 ) o f  the P ar k  fem a l e s  w e r e  l a c t a t i n g  ( X 2 = 1 3 . 2 2 8 , 1 
df , ! = 0 . 0 0 1 ) . Moreove r , t h e  me an m i n imum age o f  
p r im i p a r i t y  f o r  f ema l e s  i n  the n a t i onal fore s t s ( 3 . 6 0 ± 
0 . 6 9 9  yr , g = 1 0 ) was s i gni f i c an t l y  ( !  = 0 . 0 0 4 ) l e s s  than 
th a t  for P ark f em a l e s  ( 4 . 8 2 ± 0 . 9 8 2  yr , n = 1 1 ) . 
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D I S CUSS ION 
Sex and Age 
Mal e s predom inat e d  among panhand l e r  b e ar s ; th i s  i s  
cons i s tent w i t h  m o s t  s tud i e s  o f  probl em bears . In  an 
e ar l i e r  s tudy o f  hom ing o f  b e ar s  in the  Smo k i e s  ( Be eman and 
P e l ton 1 9 7 6 ) , 8 7 %  of the re l oc a t e d  bears  we re  m a l e s . Other 
s tud i e s  indic a t e d  a s im i l ar preponderance o f  m al e s  among 
prob l em bears  ( E r i c ks on et a l . 1 9 6 4 , Harger 1 9 6 7 , Wasem 
1 9 6 8 , S auer  e t  al . 1 9 6 9 , B e eman 1 9 7 5 , P i e k i e l e k  and Burton 
1 9 7 5 ,  P ayne 1 9 7 8 , B eeman and P e l to n  1 9 8 0 , S inger and 
B ratton  1 9 8 0 , McArthur 1 9 8 1 , Tate and P e l ton 1 9 8 3 ) . 
M a l e  predom inance may b e  exp l a i ned by the t r an s i en t  
n a t u r e  o f  m al e s  and t h e  gre ater  l ike l ihood t h a t  mal e s  
rather than f ema l e s  with cub s  wou l d  b e  r e l o c a t e d  ( Tate  and 
P e l t on 1 9 8 3 ) . Mal e s  have l arger home r ange s ( s e e  Roge r s  
1 9 8 7 : 1 9 ) and , f o r  a var i e ty o f  po s s ib l e  r e a s on s  including 
aggre s s ion  ( P e l ton 1 9 8 2 , Tate  and P e l ton 1 9 8 3 ) , food 
short age { Ro g e r s  1 9 8 7 ) , and avo idanc e  of inbreeding ( P acker 
1 9 7 9 , Greenwood 1 9 8 0 , Rogers 1 9 8 7 ) ,  they disperse f arther 
than f emal e s  ( Rogers  1 9 8 7 ) . 
Lowe r s urv ival among panh andl e r s  l i kely contribut e s  t o  
the ir l ow mean age . Fem a l e s  are mo re  vu lnerab l e  to 
poach ing and de ath f rom c ol l i s ions  with aut omob i l e s  due to 
the i r proximity to roads i de s . Be eman and P e l t on { 1 9 7 6 ) 
s ugge s te d  that a l ow me an age among mal e s  resul ted f rom 
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the  removal o f  adu l t  m a l e s  b y  P a rk o f f 1 c i a l s . Ma l e s  are 
vuln e r ab l e  t o  l e gal  harv e s t  and po aching m a i n l y  due to 
the i r  l arge home range s ( P e l ton 1 9 8 2 ) , port ions  o f  wh ich 
o ften  lie  near  or outs ide the pro t e c t ive boundar i e s  of  the  
P ark . Jonk e l  and cowan ( 1 9 7 1 )  and Roge rs ( 1 9 8 7 ) indi c a ted 
th at s ubadu l t  m a l e s  d i s p e r s e  farther than f em a l e s ; the s e  
m a le s , in s e arch o f  areas o f  f e w  dom inant m a l e s  and 
plent i ful  food , are l ike l y  to  encounter  a p anhandl ing 
oppo rtunity  and becom e  more vul nerab l e , part i c u l ar l y  in 
concentrat ion s  o f  hum an ac t i v i ty and f o ods ( Ro ge r s  1 9 8 7 ) . 
S i z e  
P anhand l e r s  were not only b igge r than w i l d  b l ac k  bears  
but grew f a s t e r ;  two othe r s t ud i e s  compar ing p anhandler  and 
wi l d  bears  in the  Park had s im i l a r f indings . Tate ( 1 9 8 3 ) 
f ound that m a l e  ( Q  = 4 5 )  and f em a l e  ( g  = 1 7 ) p anh andl e r s  
we i ghed s i gn i f i c an t l y  ( P  < 0 . 0 2 )  m o r e  than the i r  w i l d  
c ount e rparts  o f  t h e  s ame  age . Us ing growth c u rve mode l s  
b a s e d  o n  Brody ( 1 9 6 4 ) , E i l e r  ( 1 9 8 1 ) c ompared the we ights o f  
5 4  m a l e  and 2 5  femal e p anh andlers  w i th 1 7 4  wi ld  m a l e s  and 
1 5 8 w i l d  f emal e s  and f ound that panhandl ers  we i ghed more 
than the i r  wi l d  c ounterparts of  the s ame  age . 
such d i f f e renc e s  in s i z e  and growth r e f l e c t  the  
p anhand l e rs acc e s s  to and consump t i on o f  h i gh-ene rgy , 
hum an-made f oods . The s e  foods supp l ement  the b e a r ' s 
natural  d i e t  and are h i gh in sugars and other c a rb ohydrates 
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that are re adi ly converted to and s t o re d  a s  f a t s  ( T ate 
1 9 8 3 ) . Rausch ( 1 9 6 1 ) repo rted that we l l - f ed , c ap t ive b l a c k  
b e a r s  deve loped more rap i d l y  than w i l d  one s . Rogers  ( 1 9 7 6 ) 
a l s o  reported that c apt ive  b e ar s  r a i s e d  on r i c h  d i e ts 
de v e l oped more rap idl y than bears  on natural one s . I n  
M i ch i gan , s ub adu l t  b e ar s  f ee ding at dumps m ade supe rior 
we ight  gains  over bears  that fed  exc lus ive l y  on natural 
foods ( Roge r s  e t  al . 1 9 7 6 , Roge r s  1 9 8 7 ) .  B e a r s  in 
P e nnsylvan i a ,  reputedly the f as t e s t  growing of any wi ld 
b l a c k  b e ar s  ( R ogers  1 9 8 7 ) , a t t a i n  grea t e r  we ights becau s e  
o f  re l at i v e l y  abundan t and cons i s te n t  natural foods and 
s ourc e s  of food ( garb age , co rn f i e l ds , b i rd f eeders , 
ap i ar i e s ) de l iberately  o r  inadvertently furn i s hed by humans 
( Al t  1 9 8 0 ) . 
Fert i l i ty 
Prob l em b e a r s  we r e  more produc t iv e  than w i l d  b l ack 
b e a r s . In the s am e  s tudy ar e a ,  Tate  ( 1 9 8 3 ) revealed that 
l it t e r s  of 3 or 4 cub s  among panh andl ers  we re common and 
that s ome panhandler f e m a l e s  mated a t  2 . 5  yr . Al though 
th i s  s tudy ' s s ampl e  o f  prim iparous fem a l e s  was smal l ( �  
2 ) , panhand l e r  femal e s  f i r s t  had young a t  age 3 . 5 ,  and a 
h i gh percentage o f  al l female  panhandl e r s  we re ob served 
with l i tters  of 3 or 4 young . 
Improved f e r t i l i ty i s  c ommon among p anhandler  bears  o r  
b e ars that suppl ement the i r  natural d i e t s  w i t h  h i gh-energy , 
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hum an-m ade food . Ro g e r s  ( 1 9 7 6 ) repo r t e d  that b o t h  s ex e s  o f  
c ap t i ve b e a r s  f e d  on r i c h  d i e t s  r e ached m a tu r i ty at 2 . 5  yr . 
He a l s o  f ound that b l ac k  b e a rs that s upp l em e n t  the i r  d i e t s  
w i t h  g a rb age t e nd to have l i t t e r s  a t  a younge r age ( Ro g e r s  
1 9 8 7 ) . Fem a l e  b e a r s  in M i c h i g an f r equ e n t i n g  s ou r c e s  o f  
garbage had s i gn i f i c an t l y  l a rge r l i t t e r s  than f em a l e s  that 
d i d  not v i s i t  s u c h  s ou r c e s  ( Ro g e r s  e t  a l . 1 9 7 6 ) . I n  
Pennsylvan i a , whe re b l a c k  b e a r s  c ommon l y  e xp l o i t  garb age 
dumps and corn f i e lds , the average l i t t e r  s i z e  i s  2 . 9 ( Al t  
1 9 8 2 ) ;  3 8 %  o f  the 2 - ye a r  o l d  f em a l e s  t aken i n  the f al l  
harve s t  we re p re gnant and the f i r s t  l i t t e r  o f  f em a l e s  
aver aged 2 . 3 9 cubs and s ub s e quent l i t t e r s  aver aged 3 . 2 3 
c ub s  ( Ko rde k and L indz ey 1 9 8 0 ) . The s e  n at a l i t y  r a t e s  a r e  
the h i ghe s t  o f  a n y  repo r t e d  f o r  w i l d  b l ac k  b e a r s  ( Roge r s  
1 9 8 3 ) . 
H ab i t at Qu a l i ty 
D i f f e re nc e s  in dem o g r ap h i c  c h a r a c t e r i s t i c s  o f  w i l d and 
p anhand l e r  b e a r s  l i k e l y  r e f l e c t  h ab i t a t  qu a l i t y . The 
l a rg e r  s i z e  and f a s t e r  growth r a t e s  o f  p anhand l e r s  in the 
Smo k i e s  c o r robo r a t e  the c o n t r ibu t i o n  of h i gh - e n e r gy hum an ­
m ade f oods , and s ugge s t  the f a i l u r e  o f  n a t u r a l  f oods t o  
provide adequ a t e  nut r i t ion . W i l d  b l a c k  b e a r s  in the 
s mo k i e s  r e l y  on oak m a s t wh i ch is o f t e n  c yc l i c in 
p roduc t io n  ( Z ahner 1 9 9 1 ) . Wathen ( 1 9 8 3 ) and E i l e r et a l . 
( 1 9 8 9 ) indi c at e d  that repro du c tive s uc c e s s  o f  b l ac k  be a r s  
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fol lows ye ars  o f  abundan t wh i t e  o ak m a s t . B e e c h am ( 1 9 8 0 ) 
sugge s ted  that f emal e s  in poore r hab i t at grew more s l owly 
than f em a l e s  i n  areas repl e t e  with f ood . Ove r 9 0 %  o f  the 
f emal e s  s tudied in Mas s achu s e t t s  produ c e d  young f o l l owing 
year s of  good oak  ma s t ; only 2 9 %  produ c e d  young f o l l owing 
ye ars  of b ad m a s t  produ c t ion ( E l owe 1 9 8 7 ) .  The h i gh growth 
and f e r t i l i ty r a t e s  o f  b l ac k  bears  in P enns y l v an i a , whe r e  
food i s  c on s i s t en t ly abundan t , di f fe r  dr amat i c a l ly f rom 
tho s e  in bears  i n  the Smoki e s ; rough e s t imat i on ind i c a t e s  
that e v e n  t h e  l ar ge s t  and f a s t e s t - growing b l ac k  b e a r  i n  the 
Smoki e s  ( m a l e  p anhandler } grows to a max imum we i ght  th a t  is  
about 3 0% l e s s  than that of  the  average - s i z e d  male in 
Pennsylvan i a . 
D i f ferences  in s iz e  o f  wild  bears  within the Smoky 
Mounta ins probab l y  we re due to d i f f er ences  in f a l l  m a s t  
product ion . Mast  d i s t r ibut ion i n  the s e  moun t a i n s  i s  
pat chy , and previous s tudie s  s ugge s t ed a gr e a t e r  and more 
even d i s t r ibut i on o f  f a l l  m a s t  in the nat ion a l  fore s t s  than 
in the Park ( Brody 1 9 8 4 , E i l e r  e t  a l . 1 9 8 9 ) . A comparison 
o f  mean mast index value s , repre s en t i ng at l e a s t  1 0  ye ars , 
for the P ark ( 2 . 4 5 ± 0 . 6 6 ,  n = 1 0 ) and Cheroke e Nat ional 
For e s t  ( 3 . 2 9 ± 1 . 1 8 ,  n = 1 5 )  indi c a t e s  that m a s t  product ion 
in the nat ional forest  is s i gn i f i c an t l y  gre ater  ( �  = 
0 . 0 3 3 ) . In  P i s gah National Fore s t ,  the percent o f  the 
c anopy in oak , e s t imated at 6 0 - 8 0 %  ( Be r inger 1 9 8 6 } , is 
cons iderab l y  gre ater  than the 3 0 - 4 0 %  ( K .  Langdon , Natl . 
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P a r k  s e rv . , p e r s . c ommun . )  e s t im a t e d  f o r  t h e  P a r k . 
Hab i t a t  qu a l i ty a l s o  m a y  d i c t a t e  the amount o f  
p anhandl e r  ac t i v i t y . I n  t h e  P a r k , p anhand l e r s  cons t i t u t e  
on l y  5 - 1 0 % o f  t h e  b e a r  popu l a t ion ( B eeman a n d  P e l ton 1 9 8 0 ) , 
and they e a t  p r edom i n an t l y  n a t u r a l  f oods ( B e e m a n  and P e l t on 
1 9 8 0 , Tate 1 9 8 3 ) . I n c r e a s e s  i n  the p ro duc t i o n  o f  the s e  
f o ods wou l d  not o n l y  boo s t  the c ar rying capac i ty o f  the 
l o c a l  h ab i t a t , b u t , conc e i v ab ly ,  de c r e a s e  t h e  amount o f  
p anhandl e r  a c t i v i t y . I n  Yo s em i t e  Nat i o n a l  P a r k ,  p r ob l e m 
b l ac k  b e a r s  a r e  l arge ( Gu s e  1 9 7 0 )  and c omp r i s e  5 0 - 8 0% o f  
t h e  t o t a l  popu l a t ion ( J . A .  K e ay , N a t l . P ar k  S e rv . , p e r s . 
c ommun . ) .  The y  m ay dep end o n  a rt i f i c i a l  f o o ds wh i c h  
con s t i t u t e  a t  l e a s t  1 5 % o f  the ir d i e t s  ( Gr ab e r  and Wh i t e  
1 9 8 3 ) ; t h i s  and prob l em b e a r  ab undan c e  m ay i ndi c a t e  t h a t  
the Yo s em i t e  b e a r  popu l a t ion h a s  exc e e ded t h e  c a rrying 
c ap a c i t y  of the natural h ab i t at . 
D i f f e r e n c e s  i n  demogr aph i c  c h a r a c t e r i s t i c s  b e tween w i l d  
and panhandl e r  b e ars a l s o  m ay r e f l e c t  t h e  e f f e c t s  o f  hum an­
m ade f o od , the av a i l ab i l i ty of wh i c h  v a r i e s  w i th panhand l e r  
b e ar m anagement . The r e l a t i ve ly f ew ,  b u t  h i gh l y - v i s ib l e , 
p anhandl e r s i n  the P a r k , wh i c h c o n s um e d  r e l a t ive l y  s m a l l  
amo un t s  o f  food over a s h o r t  p e r i o d  o f  t ime , were not 
i n t e n s i v e l y  managed unt i l  about 1 9 7 6 . Through pub l i c  
e duc a t ion , s an i t i z a t i on o f  c ampgr ounds a n d  t r a s h  c ans , 
r e l o c a t ion o f  p ro bl em b e a r s , and o t h e r  managemen t , the 
inc idence of panhandl i n g  i n  the P a rk de c re a s ed ; by the l at e  
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1 9 7 0 ' s  and e a r l y  1 9 8 0 ' s , p anhandl e r s b e c am e  l e s s  o f  a 
prob l em than a d e c ade e a r l i e r . I n  comp a r i n g  t h e  
dem o g r aph i c  c h a r a c t e r i s t i c s  o f  panhandl e r  a n d  w i l d  b e a r s  
f o r  the 2 p e r i o d s , b e f o r e  1 9 7 6  a n d  a f t e r  1 9 8 0 , s i gn i f i c an t  
d i f f e r e nc e s  we r e  de t e c t e d . The di f f e re n c e s  i n  we i gh t , and 
n e c k  and che s t  c i rcum f e r e n c e s  b e tw e e n  w i l d  and panhandl e r  
b e a r s  h andl e d  b e f o re 1 9 7 6  w e r e  s i gn i f i c an t l y  ( �  � 0 . 0 0 2 ) 
gr e a t e r  than tho s e  di f f e r e n c e s  b e twe e n  w i l d  and p anhand l e r  
b e a r s  c ap t u r e d  a f t e r  1 9 8 0 . F o r  exampl e ,  p r i o r  to 1 9 7 6 , the 
m e a n  we igh t s  o f  m a l e  a du l t  panh a nd l e r  and w i l d  b e a r s  w e r e  
1 3 5 . 0  ± 4 2 . 1  kg ( � = 2 6 ) a n d  7 1 . 8  ± 2 3 . 4  kg ( � = 5 6 ) ,  
r e s p e c t iv e l y ;  th e s e  we i gh t s  w e r e  s i gn i f i c an t l y  di f f e r e n t  ( �  
< 0 . 0 0 0 1 ) . Howe v e r , t h e r e  w a s  n o  s i gni f i c an t  d i f f e r e n c e  i n  
t h e  m e an we i gh t s  o f  adu l t  m a l e s  that we r e  h andl e d  a f t e r  
1 9 7 9  ( P  = 0 . 1 5 ) ;  the av e r a ge we i ght o f  p anh andl e r s  was 8 0 . 8  
± 2 3 . 9  kg ( n  = 4 4 ) and t h a t  o f  the w i l d  b e a r s ' w a s  7 3 . 3  ± 
3 2 . 1  kg ( � = 1 6 9 ) . App a r e n t l y ,  then , t h e  p anhandl e rs 1 
ac c e s s  to and consumpt ion o f  hum an-m ade food b e f o r e  1 9 7 6  
m ade appre c i ab l e  d i f f e r e n c e s  in t e rm s  o f  the i r  s i z e . 
I n  conc l u s i o n , the an a ly s i s  ind i c a t e s  s i gn i f i c ant 
di f f e r enc e s  in the dem o g r aph i c  c h a r ac t e r i s t i c s  o f  w i l d  and 
p anhan dl e r  b e a r s . The s e  d i f f e renc e s  l i k e l y  r e f l e c t  th e 
i n f l u e n c e  o f  h i gh - en e r gy , hum an-m ade f o ods , h ab i t a t  
qu a l i t y ,  and the e f f e c t s  o f  b e a r  m an agement . Given th e s e  
f ac t o r s , f o re s t ry prac t i c e s  and l and m an a gement s hould 
p r om o t e  t h e  produ c t ion of n a t u r a l  fo ods , p a r t i c u l a r l y  hard 
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ma s t . To e n s u r e  the p ro t e c t ion o f  P a r k  v i s i to r s  and the i r  
p rope rt y , unnatural f o ods mu s t  b e  kept f rom b e a r s . 
Managers m i gh t  e xp e c t  i n c r e a s e d p anhandl e r  a c t iv i t y 
e spe c i a l l y  g i v e n  change s i n  hab i t a t  due to the 
unre l i ab i l i ty of hard m a s t i n  the Smok i e s , the l o s s  of the 
Ame r i c an che s tnut ( C a s t an e a  dent a t a ) a s  a s i gni f i c an t  m a s t  
produ c e r  ( Z ahner 1 9 9 1 ) , and a n  impending gyps y  moth 
{ Lyman t r i a  di s p a r ) i n f e s t a t i on wh i c h  c o u l d  damage or 
de s t roy o ak s  ( Qu e r c u s  s pp . ) and o the r m a j o r  m a s t  p rodu c e r s . 
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PART I I I  
P R E D I CTING WE I GHT FROM BODY MEASUREMENT S  O F  B LAC K BEARS 
I N  THE S MO KY MOUNTAI N S  
1 2 0  
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I NT RODUCT I ON 
I n  s t udi e s  o f  l a r g e  a n i m a l s ,  the e s t im a t i o n  o f  we i ght 
f rom b o dy m e a s urements c an f a c i l i t a t e  the c o l l e c t i on o f  
we i ght da t a . Typ i c a l l y , b o dy we i ght i s  m e a s u r e d  w i th 
he avy , cumb e r s ome s p r i n g  s c a l e s , and the i r  u s e  i s  s om e t i m e s  
impr a c t i c a l  i n  t h e  f i e l d . B e c au s e  we i ght and b ody 
m e a s u r eme n t s  a r e  h i gh l y  c o rre l a t e d , T al b o t  and Mc Cu l l o ugh 
( 1 9 6 5 ) and o t h e r s  ( Mc Ewan and Wood 1 9 6 6 , Sm a r t  e t  a l . 
1 9 7 3 )  found t h a t  b o dy m e a s urements c an b e  u s e d  t o  predi c t  
w e i gh t s  o f  ungu l a t e s . I n  a l l  s p e c i e s  o f  North Am e r i c a n  
b e a r s , s i gn i f i c a nt l i n e a r  r e l a t i o n s h i p s  b e twe e n  we i ght and 
body m e asurem e n t s  have b e e n  r epo r t e d  ( Che rry and P e l t on 
1 9 7 6 , P ayne 1 9 7 6 , St i r l ing e t  a l . 1 9 7 7 , Gl enn 1 9 8 0 , N a gy e t  
a l . 1 9 8 4 , swe n s o n  e t  a l . 1 9 8 7 ) .  Howe v e r ,  Swe n s e n  e t  a l . 
( 1 9 8 7 ) sugge s t e d  t h a t  t h e  a c c u r a c y  o f  t h e  p r e d i c t i v e  
equ a t i o n s  may v a ry wi th t h e  l o c a t ion o f  t h e  b e ar 
popu l a t ion . H e r e , a r e l a t i v e l y  l a r g e  s ampl e i s  u s e d  t o  
dev e l o p  equat i o n s  wh i c h  p r e d i c t  we i gh t  g i v e n  s ev e r a l  b ody 
m e a s u r ement s o f  b l a c k  b e a r s  ( Ur s u s  ame r i c anus ) in the Smoky 
Moun t a i n s  ( SM ) . 
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MATERIALS AND METHOD S 
B l a c k  b e a r s  were t r apped in the s p r ing , s umme r ,  and 
f a l l , 1 9 6 8 - 1 9 8 8 , in the smoky Mount a i n s  of T e nne s s e e  and 
No rth c a ro l i n a . The s t udy a r e a s  inc l uded the n o rt hwe s t  
qu a r t e r  o f  Gre at Smoky Mou n t a i n s  N a t i o n a l  P ar k , a 1 1 4 - km2 
po r t i o n  o f  H a rm o n  Den i n  P i s gah N a t i o n a l  F o re s t , and a 1 2 4 -
km 2 s e c t i on o f  the Te l l i c o  R ange r D i s t r i c t  i n  Che rokee 
N a t i on a l  F o re s t . 
once c ap t u re d ,  a 2 0 : 1 0 : 2  mg/ml m i x t u r e  o f  k e t am ine , 
rompum , and c a rb o c a i ne was u s e d  to s e da t e  the b e a r s , 
though , i n  the e a r ly y e a r s  o f  the s t udy , o t h e r  immob i l i z i n g  
agent s  w e r e  emp loy ed ( Co o k  1 9 8 2 ) . S ex and s t a t u s  ( w i l d  o r  
panhand l e r ) o f  the b e a r  we re re c orded . B e a r s  we re we i ghed 
w i th s p r i n g  s c a l e s  ( 3 0 0 - and 5 0 0 - lb c ap a c i t y ) t o  the 
n e a r e s t  pound ; the s e  we i gh t s  we r e  l a t e r  c o nv e r t ed t o  
k i lo gr ams . I n  addit i on t o  the b ody m e a s urements a s  
o u t l ined i n  L e count ( 1 9 8 6 ) , t h e  fol l owing w e r e  me a s ured : 
h e a d  widt h  - f rom the c r e s t o f  the z ygomat i c  arch , a c ro s s  
the f o rehe ad t o  the c r e s t  o f  the oppo s i t e  arch ; h e ad l e n gth 
- f rom the t ip of the n o s e  to the ap e x  of the s ag g i t al 
c r e s t ;  e a r  l ength - f rom the ins ide b a s e  o f  the e a r  to i t s  
t i p ;  f o re a rm c i r c um f e rence - a t  the po i n t  immedi a t e l y  
d i s t a l  to t h e  e l bow . 
Al l c o r r e l a t i ons , r e gr e s s ions , and t r an s f o rm at ions 
we re p e r f o rmed w i th the s t a t i s t i c a l  Analys i s  Sys t em s  ( SAS 
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I n s t i t u t e  1 9 8 5 ) . To avo id po s s ib l e  exagge r a t ion i n  body 
s i z e , no r e c aptu r e s  were u s e d  i n  t h i s  a n a l ys i s . B e c au s e  
the re l a t i o n s h ip b e twee n  we i ght and l in e a r  body 
m e a s ur e m e n t s  is c u rv i l i n e a r  ( expr e s s e d  as w = axb , Nagy e t  
a l . 1 9 8 4 ) , n a t u r a l  l o g a r i thms were u s e d  t o  l i n e ar i z e  the 
r e l a t i o n s h i p  g i v i ng the equat ion : l nW = a + B l nX . 
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R E SULTS 
Body m e a s u r ements we r e  c o l l e c t ed f rom 6 0 4  w i l d  and 2 7 4  
panhandl e r  b l a c k  b e a r s . O f  the b o dy m e a s u rement s ,  t o t a l  
l en g th ( r  = 0 . 8 5 3 ) , a n d  nec k ( r  = 0 . 9 0 0 ) a n d  c h e s t  ( r  = 
0 . 8 8 8 ) c i r c um f e r e n c e s  we r e  the mo s t  s i gn i f i c an t l y  ( P  � 
0 . 0 0 0 1 ) c o r re l a t e d  w i th we i gh t . W e i gh t  was then r e g re s s ed 
o n  the s e  3 m e a s ureme n t s  t o  p rodu c e  p r e d i c t i v e  equat ions f o r  
S M  b e a r s  ( T ab l e  3 . 1 ) . Al l equ a t i o n s  indic a t e d  s t rong 
l i n e ar r e l at i o n s h ips , b u t  the r e l a t io n s h i p s  were s t ronge s t  
f o r  p anhand l e r s  ( Tab l e  3 . 1 ) . The p r ed i c t i ve c ap ab i l i t i e s  
o f  the s e  e qu a t i on s  app e ared r e l i ab l e  e sp e c i a l l y  a t  the l ow­
t o - m i d  r ange o f  we i gh t s  ( T ab l e  3 . 2 ) . The r e  w a s  no po s i t i v e  
s e r i a l  c o r re l a t ion to c o n f ound the s e  r e l a t io n s h ip s  ( Du rb i n  
Wat s on D � 1 . 5 8 7 , f � 0 . 0 1 ) . 
Al though the l o g a r i thm i c  t r an s f ormat ions p rodu c ed the 
s t ronge s t  r e l at i on s h i p s , di f f er e n t  l i n e a r  re l at ionships 
b e tween we i gh t  and the o t h e r  body m e a s u r em e n t s  we r e  
exam ined . Loga r i thm i c  t ra n s f orm a t i on o f  the v a l u e s 
repre s en t i n g  c h e s t  c i r c um f e renc e and we i gh t  produ c e d  a 
weake r ,  yet s i gn i f i c an t  l in e a r  r e l a t i o n s h i p  f o r  w i l d  ( r 2 = 
0 . 8 4 6 , f � 0 . 0 0 0 1 , � = 3 1 1 , cv = 6 . 2 4 9 , F i g . 3 . 1 )  and 
p anhand l e r  ( r 2 = 0 . 8 7 6 , � � 0 . 0 0 0 1 , n = 1 0 8 , cv = 8 . 5 8 5 , 
F i g . 3 . 2 ) m a l e s . The c omb i n a t i on o f  t o t a l  l ength and che s t  
g i rth squ ared a l s o  was a s i g n i f i c an t  p r ed i c t o r  o f  we i gh t  
( a l l  b e a r s : r 2  = 0 . 8 6 2 , P � 0 . 0 0 0 1 , n = 7 4 9 , CV = 2 1 . 5 2 ) . 
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T ab l e  3 . 1 .  Pre d i c t ive equ a t i o ns f or we i ghts (kg) o f  b l ac k  b e ars 
in the Smoky Mount a ins , 1968-1988 . 
St atus S ex Predi c t i v e  equ at i on 
W i l d  M lnwc = -7 . 861 + 0.773 lncc: 
+ 0 . 97 2  l nNd + 0 . 936 lnT• 
W i l d  F lnW = -8 . 760 + 0 . 2 47 lnC 
+ 0 . 972 lnN + 1 . 5 76 lnT 
W i l d  M+F lnW = -8. 136 + 0 . 432 lnc 
+ 1 . 067 lnN + 1 . 216 lnT 
P an f!! M lnW = -10. 15 2 + 0 . 4 2 5  lnC 
+ 0 . 980 l nN + 1.710 lnT 
P an F l nw = -9 . 927 + 0 . 970 lnc 
+ 0 .  671 l nN + 1. 4 2 4  lnT 
P an M+F l nW = -10. 009 + 0. 634 lnc 
+ 0 . 910 l nN + 1. 5 51 l nT 
W i l d+ M lnW = -8 . 518 + 0 . 734 lnc 
P an + 0 . 92 5  lnN + 1 . 143 lnT 
W i l d+ F lnW = -9 . 480 + 0.3 58 lnc 
P an + 0 . 948 lnN + 1. 647 lnT 
W i l d+ M+F l nW = -8. 960 + 0 . 5 2 4 lnC 
P an + 0 . 961 l nN + 1.387 l nT 
•Al l regress ions are sign i f ic an t  { .!: 
l::>w = w e i ght . 
o c  = chest me asurement (em ) . 
""N = neck me asurement (em) . 
•T = Tot a l  lenath ( em) . 
f!!P anhandler . 
n CV { % )  
0. 932 308 4 . 16 
0 . 912 2 2 2  4 . 35 
0.9 2 5  530 4. 31 
0. 94 2 106 5. 93 
0. 949 98 5 . 98 
0.946 204 5 . 94 
0 . 933 418 4 . 8 2  
0 . 94 0  3 2 6  5. 02 
0 . 937 74 4 4 . 95 
s 0. 0001). 
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T ab l e  3 . 2 .  We i ght e s t im a t e s  ( kg )  f rom pr edi c t i ve �qu a t � o n s  o f  
w i l d  bears c ap tured i n  the Smoky Moun t a ins , 1968-1988 . 
Che s t  g i r th ( em )  Mal e s  Females 
34 7.2 ( 6 . 7-7 . 6 ) "'  6.9 ( 6 . 4 -7.5 ) 
36 7.0 ( 6.4 -7.6 ) 7.0 ( 6 . 4 -7 . 4 )  
40 8.6 ( 8.1-9 . 1 )  9 . 7  ( 9 . 0-10.5 ) 
4 4  14 . 5  ( 13.9-15 . 2 )  9 . 1  ( 8.5-9 . 7 )  
4 6  11.6 ( 11.0-1 2 .2 ) 14 . 8  ( 14.2 -15.5 ) 
51 17.1 ( 16 �5-17 . 8 )  18 . 7  ( 17.7-19 . 7 )  
53 14.6 ( 13.9-15.4 ) 18.5 ( 17.8-19 . 3 )  
55 21 . 0  ( 2 0 . 3- 2 1.8 ) 2 6.4 ( 25 . 6 - 27.1 ) 
60 27.7 ( 2 6 . 9- 28 . 6 )  30 . 6  ( 29.9-31.4 ) 
6 4  38.2 ( 36 .7-39.6 ) 37.6 ( 36 . 3-38.9 ) 
69 36.1 ( 35 . 4 -36 . 9 )  32 . 9  ( 3 2.1-33 . 8 )  
74 41.9 ( 4 0 . 8- 4 .92 ) 45 . 3  ( 4 4 . 3 -4 6.3 )  
80 54.5 ( 53 . 0-56.1 ) 50 . 3  ( 49 . 0-51.6 ) 
83 6 4 .8 ( 63 . 4 - 6 6 . 3 )  45 . 1  ( 4 3.6 - 4 6 . 7 ) 
85 57 . 9  ( 56 . 3-59 . 5 )  47 . 8  ( 4 6 . 3 - 49 . 4 )  
89 72.1 ( 70 . 5-73.8 ) 65 . 8  ( 6 2.8-70.0 ) 
96 6 2 . 9  ( 59 . 9- 6 5 . 9 )  71 . 2  ( 68 . 4 -74 . 1 )  
100 108.1 ( 104 . 6 -111 . 8 )  
114 127.2 ( 12 2.6 -132 . 0 )  
125 123 . 0  ( 117 . 4 -128 . 6 )  
134 124 . 1  ( 117 . 8-130.8 ) 
"'The range in p a renthe s i s  is the 95% conf idence int erva l . 
F i g . 3 . 1 .  R e g r e s s ion o f  w e i ght { l n )  on che s t  
c i r c um f e r e n c e  { l n )  o f  w i l d  m a l e  b l a c k  b e ar s  i n  the Smoky 
Moun t a i n s  { l nW = - 6 . 4 3 2  + 2 . 3 8 2 X ) . 
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F i g . 3 . 2 .  Regre s s ion o f  we i gh t  ( l n )  on che s t  
c i rc um f e r e n c e  ( l n )  o f  p anh andl e r  mal e b l a c k  b e a r s  i n  the 
smoky Moun t a i n s  { l nw = - 7 . 6 7 9  + 2 . 6 6 7 X ) . 
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D I S CUS S I ON 
Us ing a l a rge s amp l e  o f  b l a c k  b e a rs , c h e s t ,  n e c k , and 
t o t a l  l e ngth w e r e  the b e s t  p r ed i c t o r s  of b o dy we i ght ; 
the s e  r e s u l t s  a r e  s im i l a r  to tho s e  o f  another s t udy in the 
s am e  a r e a  ( Ch e r ry and P e l t on 1 9 7 6 ) . U s ing a sm a l l s amp l e  
( 7 7 b e ars ) ,  Che r ry and P e l t o n  ( 1 9 7 6 )  f ound ch e s t  and 
f o r e a rm c i r cum f e r e n c e s , t o t a l  l e ngth , and f o r e f o o t  width t o  
b e  the b e s t  p r e d i c t o r s  o f  bo dy we i ght . The p r e di c t ive 
c ap ab i l i t i e s  of the i r  equ at i ons dropp e d  o f f  markedly at the 
h e av i e r  we i ght r ange wh e r e upon the we i gh t  c o u l d  be be t t e r  
gue s s e d  than e s t i m a t e d  ( Che rry and P e lton 1 9 7 6 ) . The 
equ a t i o n s  deve l op e d  h e r e  app e a r  to be more a c c u r a t e  than 
p r e v i o u s  o n e s a l though re l i ab i l i t y  a l s o  de c l i n e s  a t  the 
h e av i e r  w e i ght s ; some b i a s  i n  c o nvert i ng the l o g a r i thm i c  
v a l u e s  t o  t h e  o r i g i n a l  un i t s  c an b e  exp e c t e d  ( B e auchamp and 
Ol s o n  1 9 7 3 )  and m i ght e xp l a i n  s o m e  o f  t h i s  unre l i ab i l i t y . 
Us ing the s e  equ a t ions , b e a r  r e s e arche r s  i n  t h e  Smoky 
Moun t a i n s  c an f o r e go gue s s i n g  and the i n conven i e n c e  of 
s p r i n g  s c a l e s . 
U s i ng ch e s t  g i rth as the princ i p a l  predi c t o r  f o r  we i ght 
of b l a c k  b e a r s  in North Ame r i c a ,  swe n s o n  e t  a l . ( 1 9 8 7 } 
conc l uded that the mo s t  ac c u r a t e  e qu a t i o n s  we r e  tho s e  
de v e l oped w i t h i n  geograph i c a l  r e g i o n s . Equ a t i o n s  p r e s e n t e d  
in th i s  s t udy b e s t  repre s e n t  bl a c k  b e ar s  i n  t h e  Smoky 
Mount a i ns ; shou l d  the s e  equat i o n s  b e  app l i e d  e l s ewh e re , 
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a c c u r a c y  l i ke l y  wou l d  d i m i n i s h . 
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SUMMARY AND CONCLUS I ONS 
1 .  Unde r the d i re c t i o n  o f  D r . M i c h a e l  P e l ton and w i th 
a t e am o f  gradu a t e  s t uden t s , over 2 0  years o f  d a t a  on s ex ,  
age , s u r v i v a l , and reproduc t i on were c o l l e c t e d  f rom 1 7 0 2  
b l a c k  b e a r s  t r apped i n  the Smoky Moun t a in s . The s e  da t a  
w e r e  c omp i l ed and an a l yz e d  t o  de t e rm ine the demograph i c  and 
mo rpho l o g i c a l  c h a r ac t e r i s t i c s  o f  the bear popu l a t i on i n  the 
Smoky Mount a i n s . 
2 .  The predomin anc e o f  m a l e s  ( me an = 5 5 % ,  g = 5 6 9 ) , 
p ar t i c u l a r l y  i n  the young ( � 5 yr ) age c l a s s e s , l i ke l y  was 
e xp l a ined by the tran s i e n t  n a ture of  m a l e s  and 
i n e xpe r i e n c e  of young m a l e s . 
3 .  The m e an age o f  c ap tured b e a r s  was 4 . 3 6 yr . Mean 
age o f  f em a l e  b e a r s  ( 4 . 9 6 yr ) was s i g n i f i c an t l y  o l de r  than 
that o f  m a l e s  ( 3 . 9 2 yr ) . The o l de s t  m a l e  and f em a l e  b e ar 
were 1 5 . 5  and 2 2 . 5  yr , r e s p e c t i ve l y . M e an age o f  P ark 
b e a r s  ( 4 . 5 2 yr ) was s i g n i f i c an t l y  o l de r  than that Che r o k e e 
N a t ional Fo r e s t  ( 3 . 7 4 yr ) but n o t  o f  P i s gah Nat i o n a l  Fo r e s t  
( 3 . 8 6 yr ) . Al s o , the p ropor t ion o f  adu l t s w a s  great e s t  i n  
t h e  P a rk ( 7 6 % )  indi c a t i n g  l e s s  e xp l o i t a t ion t h an i n  e i the r 
o f  the nat ional f o re s t s . M e an age f o r  m al e s  c aptured 
du r in g  the f i r s t  hal f of  the s t udy , 1 9 7 2 - 1 9 7 9 , was 
s i gn i f i c an t l y  o l der than that of  m a l e s  c aptu red a f t e r  1 9 7 9 , 
s ugge s t in g  an i n c r e a s e  in exp l o i t a t ion . 
4 .  Femal e b e a r s  e xh ib i t e d  s i gns o f  e s t r u s  b e twe en 5 
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June and 1 9  S eptemb e r  ( 1 0 6  days ) .  The m e a n  m in imum 
repro duc t i ve a ge w a s  4 . 2 4 yr f o r  SM , 4 . 8 2 yr f o r  P ark and 
3 . 6 0 yr for n a t i o n a l  f o re s t  f em a l e s .  The m e an b i r t h  
i n t e rv a l  w a s  2 . 3 5 yr f o r  SM , 2 . 3 9 y r  f o r  P ar k , and 2 . 2 0 y r  
f o r  N F  be a r s . The me a n  l i t t e r  s i z e  w a s  2 . 0 4 c u b s  f o r  SM , 
1 . 9 6 c ub s  f o r  P ar k  and 2 . 2 5 f o r  N F  b e a r s . The reproduc t i ve 
r a t e s  and the p e r c ent age of l a c t a t i ng f em a l e s  f or NF b e a r s  
we r e  s i gn i f i c an t l y  gre a t e r  than t h a t  o f  P ar k  b e a r s . 
5 .  The p e r c e nt age o f  l a c t a t i ng b e a r s  w a s  
s i gn i f i c an t l y  a s s o c i a t e d  w i th age . F i f ty- o ne ( g = 3 9 ) o f  
the o l d  { � 1 0  yr ) , and 3 4 %  ( g = 7 8 ) o f  the m i ddl e - a ged { 5 - 9  
yr ) and 2 1 % { � = 2 9 ) o f  the young ( 3 - 4  yr ) f e m a l e s  were 
l a c t a t ing . 
6 .  H a r d  m a s t , p a r t i c u l a r l y  wh i t e  o a k  m a s t , w a s  a 
s i gn i f i c ant predi c to r  o f  re produ c t ion . D i f f e r e n c e s  in 
f e r t i l i t y b e twe e n  NF and P a r k  b e a r s  l i k e l y  are e xp l a ined by 
the d i f f e r e nc e s  i n  m a s t  i n  the 2 h ab i t a t s . 
7 . The ann u a l  mort a l i ty r a t e  f o r  b e a r s  i n  the Smo k i e s  
w a s  approx imate l y  2 6 % . Mort a l i t y  w a s  l ower f o r  b e a r s  i n  
t h e  P a r k  ( 2 2 % )  t h an f o r  NF ( 3 0 % ) b e a r s . By age group and 
s ex , m o r t a l i ty r a t e s  o f  S M  b e ar s  were l arge l y  c omp a r ab l e  t o  
tho s e  o f  b e a r s  i n  oth e r  s tudi e s . 
8 .  The popu l a t i on e s t im a t e  w a s  1 4 8  b ea r s  o r  0 . 2 9 2  
b e a rs /km2 f o r  the P a r k , 2 8  b e a r s  o r  0 . 3 5 0  b e a r s /km 2  f o r  
CNF ,  and 2 4  b e a r s  o r  0 . 2 1 1  b e a r s / km2 f o r  PNF s t udy are a s . 
I n  c omp a r i s o n  t o  other s t udi e s  o f  b l a c k  b e a r s  i n  No r th 
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Am e r i c a ,  th e s e  e s t im a t e s  a r e  l ow to i n t e rmedi a t e  o n  a l ow­
h i gh de n s i t y c o n t i nuum . 
9 .  P o pu l a t ion and growth e s t i m a t e s  ind i c a t e d a 
s l i gh t l y  t o  mod e r a t e l y  i n c r e a s i n g  pop u l a t i o n . The 
pop ul at i on e s t i m a t e  f o r  the P ar k  ro s e  f rom 1 2 3  t o  1 7 0  b e a r s  
f r om the f i r s t  h a l f  o f  t h e  s t udy ( 1 9 7 2 - 1 9 7 9 ) t o  the s e c ond 
ha l f  ( 1 9 8 0 - 1 9 8 8 ) .  The i n t r i n s i c  r a t e  of growth , r ,  for SM 
b e a r s  r anged f rom 2 to 1 1 % .  
1 0 .  Mode l s i mul a t i o n s  indic a t e d  the impo r t an c e  o f  
f o o d  and c o n s equent trends i n  popu l a t io n  g r owth . Howe v e r , 
we akn e s s e s  i n  the mode l w e r e  app arent and f u t u r e  v e r s i on s  
shou l d  a t t empt t o  inc orpo r a t e  o the r f ac t o r s  wh i ch i n f l u e n c e  
popu l at ion g rowth . 
1 1 . H ab i t a t  qu a l i ty i s  a ch i e f  f a c t o r  i n  r e gu l at i ng 
the numb e r  o f  b e a r s  in t h e  smoky Mount a i n s . S p e c i f i c a l l y , 
hard m a s t  av a i l ab i l i t y i s  important to f e ma l e  re produc t i on 
and c ub s u r v i v a l . 
1 2 . Hun t i ng , l e g a l  and i l l e ga l , app e a r s  t o  c o n t r o l  
popu l a t io n  numb e r s  a s  we l l , e spe c i a l l y  i n  t h e  n a t ional 
f o re s t s . conc e i v ab l y ,  mo r t a l ity du e to hun t i n g  may , in 
part , e xp l a i n the e l e v a t e d  reprodu c t ive r a t e s  o f  f e m a l e s  i n  
the n a t ional f o r e s ts wh e r e  h a rve s t  r a t e s  are h i gh ;  i f  
hu n t i ng c an redu c e  the dens i t y enough s o  that f ew e r  b e a r s  
en j o y more h ab i t a t , then o n e  m i ght expe c t  the repro duc t i ve 
r a t e s  of the f ew e r  f e m a l e s  t o  improve . 
1 3 . Bl ack b e a r  abundan c e  in GSMNP a l s o  app e a r s  to b e  
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de t e rm i ned by s ub adu l t  di sp e r s a l . W i t h  inc r e a s ing den s i t y ,  
young b e a r s  i n  GSMNP may b e  f o r c ed to the P a r k ' s l e s s ­
p r o t e c t e d  p e r i m e t e r , whe r e  they a r e  s ub j e c t e d  t o  more 
hun t i n g  and p o a c h i ng . 
1 4 . D i s e a s e  and p a r a s i t e s  probab ly have ve ry l i t t l e  
imp a c t  on t h e  he a l th o f  t h e  S M  b e a r pop ul a t i o n . 
1 5 . P r o t e c t ion o f  f o o d  ( h ab i t at ) and f e ma l e s  ( who s e  
f e rt i l i ty i n c r e a s e s  with a g e  and we ight ) a r e  c r i t i c a l t o  
t h e  ma i n t e n a n c e  o f  t h e  SM b e a r popu l at i o n . 
1 6 . S t atus ( wi l d  o r  p anhandl e r ) and ge nde r we r e  
s i gn i f i c an t l y a s s oc i a t e d . O f  the w i l d  b e a r  c ap t ur e s , 5 4 %  
we re m a l e s , whe r e a s  6 0% ( n  = 2 0 9 ) o f  t h e  panhand l e r  
c ap t u r e s w e r e . 
1 7 . P anhandl e r  f em a l e s  we r e  typ i c a l l y  young b e a r s . 
The me an a g e s  o f  w i l d  ( 4 . 4  yr ) and p anhandl e r  ( 3 . 2  yr ) wer e  
s i gn i f i c ant l y  di f f er e n t . Lower s u r v i v a l  amo n g  panh andl e r s  
l i k e l y  c o n t r ibu t e s  to the i r  l ower m e an age . 
1 8 . Adu l t  and s ub adu l t  panhand l e r s  w e r e  t yp i c a l l y 
b i gge r and grew f a s t e r  than the i r  w i l d  c oun t e rp ar t s . 
D i f f e re nc e s  i n  s i z e  and growth r e f l e c t  the panhan d l e r s  
a c c e s s  t o  and c o n s ump t ion o f  h i gh - e n e rgy , hum an-m ade food s . 
1 9 . P anh andl e r  f em a l e s  were more f e r t i l e  than w i l d  
b e ar s . F i f t y- s i x p e r c ent o f  the p anhandl e r s  we r e  
l ac t a t ing , whe r e a s  on ly 3 3 %  o f  t h e  w i l d  fem a l e s  w e r e . 
I mp roved f e r t i l i ty i s  c ommon among p anhandl e r  b e a r s  or 
b e a r s  that s upp l ement the i r  d i e t s  w i th h igh - e ne r gy , hum an-
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ma de f o ods . 
2 0 . W i l d  b e a r s  o f  the n a t i o n a l  f o r e s t s  w e r e  b i gger and 
m o r e  f e r t i l e  than Park be a r s . Adu l t s  i n  Che r o k e e  and 
P i s gah Nat i o n a l  F o re s t s  w e r e  s i gn i f i c a n t l y  h e a v i e r ,  and 5 0 %  
o f  the N F  and o n l y  2 9 % o f  the P a r k  f e m a l e s  we r e  l a c t a t ing . 
D i f f e r e n c e s  i n  s i ze and f e r t i l i t y o f  w i l d  b e a r s  w i thin t h e  
Smok i e s  prob ab l y  wer e  d u e  to di f f er e n c e s  i n  f a l l  m a s t  
produc t i on ; m a s t  produ c t ion in t h e  n a t i on a l  f o r e s t s  i s  
s i gn i f i c ant l y  gr e a t e r  than that i n  t h e  P a r k . 
2 1 . D i f f e r e nc e s  i n  demographic c h a r a c t e r i s t i c s  be twe e n  
w i l d  a n d  p anhandl e r  b e a r s  a l s o m a y  r e f l e c t  the e f f e c t s  o f  
human-m ade food , the av a i l ab i l i t y  o f  wh i ch v a r i e s  w i t h  
panhand l e r  b e a r  m anagement . 
2 2 . M e a s u r e ment s o f  the ch e s t , ne c k ,  and t o t a l  l e ngth 
we r e  t he b e s t  p r e d i c t o r s  o f  body we ight . 
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T ab l e  A . 1 .  Tenne s s e e W i l dl i f e Resource Agency mas t data• 
c o l l e c t e d  in B l ount , S ev i e r , Cocke , Greene , Un i c o i ,  and 
Monroe c ount i e s  as we l l  as the Te l l i c o  W i l d l i f e  Management 
Are a , Tenne s s e e , 1973 -198 8 .  
Year Wh i t e  o ak s  R e d  oaks Whi t e  and red oaks 
197 3 29 . 5 6 ( 8)b 12 . 4 6 ( 9) 20 . 51 ( 17) 
197 4 15 . 77 ( 15 7) 8 . 99 ( 114) 12 . 92 ( 271) 
1975 10 . 6 6 ( 8 5 )  17 . 31 ( 104) 14 . 32 ( 189) 
1976 14 . 60 ( 104) 22 . 5 3 ( 161) 19 . 42 ( 26 5 )  
1977 21 . 5 6 ( 114) 21 . 37 ( 113) 21 . 47 ( 227) 
1978 11 . 4 5 ( 5 5 )  11 . 81 ( 4 8) 11 . 62 ( 103 ) 
1979 18 . 21 ( 106) 1 8 . 99 ( 7 9) 1 8 . 5 4 ( 18 5 )  
198 0 11 . 14 ( 67) 23 . 24 ( 125) 19 . 02 ( 192) 
1981 21 . 4 4 ( 107) 17 . 95 ( 89) 19 . 8 6 ( 196) 
1982 9 . 6 4 ( 4 0) 16. 93 ( 12 4) 15 . 15 ( 16 4) 
198 3  22 . 04 ( 81) 11 . 4 0 ( 6 3) 17 . 39 ( 14 4) 
198 4  8 . 74 ( 2 7 )  18 . 5 4 ( 41) 14 . 6 5 ( 6 8) 
198 5 3 3 . 31 ( 124) 3 5 . 2 5 ( 13 5) 3 4 . 32 ( 25 9) 
198 6 14 . 02 ( 41) 7 . 3 7 ( 4 9) 10 . 40 ( 90 ) 
198 7  13 . s o  ( 73 )  15 . 08 ( 8 9) 14 . 37 ( 162 ) 
198 8 21 . 42 ( 1 6  7) 25 . 74 ( 128) 23 . 29 ( 29 5 )  
• c a l c u l a ted as Maximum Po tent i a l  Produ c t i on I ndex 
( MP P I ) ( P o z z anghe r a , 1990) . 
b ( _!! ) • 
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Tab l e  A . 2 .  Tenne s s e e  W i l dl i f e  R e s ource Agency m a s t  data• 
c o l l ec t e d in B l oun t , S e v i e r , Cocke , Greene , U n i c o i ,  and 
Monroe c oun t i e s  as we l l  as the T e l l i c o  W i l dl i f e  Manageme n t  
Are a , Tenne s s e e , 1 9 7 3 - 1 9 8 8 . 
Y e a r  Wh i t e  oaks Red oaks Wh i t e  and red oaks 
1 9 7 3  1 .  9 1  ( 2 2 ) b 1 . 7 3 ( 2 2 ) 1 .  8 2  ( 4 4 ) 
1 9 7 4  3 . 4 6 ( 1 9 6 ) 2 . 6 9 ( 1 6 9 ) 3 . 1 0 ( 3 6 5 ) 
1 9 7 5  3 . 5 1 ( 8 5 ) 4 . 4 3  ( 1 0 4 ) 4 . 0 2 ( 1 8 9 ) 
1 9 7 6  2 . 4 3 ( 1 6 5 ) 4 . 6 8 ( 1 6 5 ) 3 . 5 6 ( 3 3 0 ) 
1 9 7 7  3 . 2 8 ( 1 7 3 ) 3 . 6 3 ( 1 6 0 ) 3 . 4 5 ( 3 3 3 ) 
1 9 7 8  0 . 9 9 ( 2 0 6 ) 1 .  0 2  ( 1 8 4 ) 1 .  0 0  ( 3 9 0 ) 
1 9 7 9  2 . 3 9 ( 1 6 7 ) 2 . 1 4 ( 1 6 4 ) 2 . 2 7 ( 3 3 1 ) 
1 9 8 0  1 . 1 8 ( 1 9 9 ) 3 . 1 8 ( 1 8 0 ) 2 . 1 3 ( 3 .  7 9 ) 
1 9 8 1  3 . 7 0 ( 1 3 0 ) 3 . 3 8 ( 1 2 0 ) 3 . 5 5 ( 2 5 0 ) 
1 9 8 2  0 . 7 5  ( 1 7 0 ) 3 . 1 2 ( 1 6 9 ) 1 .  5 6  ( 3 3 9 ) 
1 9 8 3 2 . 6 8 ( 1 1 8 )  1 .  5 8  ( 1 2 5 ) 2 . 1 1 ( 2 4 3 ) 
1 9 8 4  0 . 6 5 ( 1 3 9 ) 1 .  2 6  ( 1 2 7 )  0 . 9 4 ( 2 6 6 } 
1 9 8 5  2 . 8 3 ( 2 0 5 ) 3 . 4 7 ( 1 9 0 ) 3 . 1 4 ( 3 9 5 ) 
1 9 8 6  1 .  4 1  ( 1 0 1 ) 1 .  4 4  ( 1 0 5 ) 1 .  4 3  ( 2 0 6 ) 
1 9 8 7  1 . 4 5 ( 1 6 8 ) 2 . 0 0 ( 1 7 7 ) 1 .  7 3  ( 3 4 5 )  
1 9 8 8  3 . 2 6 ( 2 0 9 ) 3 . 2 2  ( 1 8 4 ) 3 . 2 4 ( 3 9 3 ) 
•cal c u l ated a s  the Wh i t ehe ad Index ( C .  J .  Wh i t eh e ad , 
oak m a s t  y i e l ds on w i l d l i f e  m an agement are a s  in Tenne s s e e , 
Tab l e  A . 2 .  cont inu e d . 
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Tenn . Game and F i s h , unpub l . r ep . , 1 1  pp . ,  1 9 6 9 } . On a 1 -
1 0  s c a l e : 0 - 2 . 5  = poo r ,  2 . 6  - 4 . 5  = f a i r , 4 . 6  - 6 . 5  = 
medium , 6 . 6  - 8 . 5  = good ,  8 . 6  - 1 0  = exce l l ent . 
b ( � ) . 
1 4 6  
Tab l e  A . 3 .  Tenne s s e e W i l dl i f e  Re s ource Agency m a s t  data• 
c o l l e c t e d  in the Te l l i c o  W i l d l i f e  Management A re a ,  
Tenne s s e e , 1 9 7 4 - 1 9 8 8 . 
Year Wh i t e  oaks Red oaks Wh i t e  and red oaks 
1 9 7 4  2 2 . 1 2 ( 3 5 ) b 1 8 . 2 0 ( 4 4 ) 1 9 . 9 4 ( 7 9 ) 
1 9 7 5 1 8 . 0 6 ( 1 6 ) 4 7 . 8 3 ( 2 5 )  3 6 . 2 1 ( 4 1 ) 
1 9 7 6  1 5 . 3 6 ( 1 2 ) 3 8 . 9 5 ( 3 9 ) 3 3 . 4 0 ( 5 1 )  
1 9 7 7  4 0 . 8 0 ( 2 4 ) 5 7 . 7 8 ( 3 4 ) 5 0 . 7 5 ( 5 8 )  
1 9 7 8  1 2 . 1 5 ( 1 1 )  9 . 8 8 ( 2 4 ) 1 0 . 5 9 ( 3 5 )  
1 9 7 9  3 6 . 5 6 ( 2 7 ) 3 8 . 2 9 ( 3 8 ) 3 7 . 5 7 ( 6 5 ) 
1 9 8 0  0 . 0 0 ( 0 )  4 1 . 8 8 ( 5 1 )  4 1 . 8 8 ( 5 1 )  
1 9 8 1  3 0 . 3 0 ( 3 7 ) 2 7 . 1 5 ( 3 9 ) 2 8 . 6 8 ( 7 6 ) 
1 9 8 2  0 . 0 0 ( 0 )  3 0 . 0 3 ( 5 2 )  3 0 . 0 3 ( 5 2 )  
1 9 8 3  3 4 . 8 7 ( 4 1 ) 2 5 . 0 5 ( 3 0 ) 3 0 . 7 2 ( 7 1 )  
1 9 8 4  2 2 . 3 0 ( 8 )  3 7 . 2 9 ( 2 6 ) 3 3 . 7 6 ( 3 4 ) 
1 9 8 5  4 6 . 5 0 ( 3 1 ) 5 4 . 1 6  ( 5 3 )  5 1 . 3 3 ( 8 4 )  
1 9 8 6  1 3 . 5 7 ( 1 2 ) 7 . 0 5 ( 1 9 ) 9 . 5 7 ( 3 1 ) 
1 9 8 7  2 1 . 4 3 ( 4 1 ) 2 6 . 8 3 ( 4 4 ) 2 4 . 2 3 ( 8 5 ) 
1 9 8 8  2 6 . 0 0 ( 8 1 ) 4 9 . 6 4 ( 7 0 )  3 6 . 9 6 ( 1 5 1 ) 
•ca l c u l ated a s  Maximum P o tent i a l  P roduc t i on I ndex 
( MP P I ) ( P o z z angh e r a  1 9 9 0 ) . 
b ( !!, )  • 
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T ab l e  A . 4 .  Tenne s s e e  W i l dl i f e  R e s ou r c e  Agency m a s t  data• 
col l e c te d  i n  the T e l l i c o  W i l dl i f e  Manageme n t  Are a , 
Tenne s s ee , 1 9 7 4 - 1 9 8 8 . 
Year Whi t e  oaks Red oaks Wh i t e  and red oaks 
1 9 7 4  4 . 3 8 ( 4 0 } 3 . 8 9 ( 5 4 }  4 . 1 0 ( 9 4 } 
1 9 7 5  4 . 0 6 ( 1 6 ) 6 . 2 4 ( 2 5 ) 5 . 3 9 ( 4 1 )  
1 9 7 6  1 .  2 6  ( 3 4 ) 5 . 3 6 ( 3 9 ) 3 . 4 5 ( 7 3 )  
1 9 7 7  4 . 9 6 ( 2 6 )  5 . 5 6 ( 3 9 ) 5 . 3 2 ( 6 5 )  
1 9 7 8  1 .  4 0  ( 3 0 ) 1 .  9 8  ( 4 2 ) 1 .  7 4  ( 7 2 )  
1 9 7 9 3 . 8 2 ( 3 3 ) 4 . 2 3 ( 4 8 )  4 . 0 6 ( 8 1 )  
1 9 8 0  0 . 0 0 ( 4 6 ) 4 . 0 8 ( 6 5 ) 2 . 3 9  ( 1 1 1 ) 
1 9 8 1  3 . 9 5 ( 4 2 )  3 . 3 4 ( 5 8 )  3 . 6 0 ( 1 0 0 ) 
1 9 8 2  0 . 0 0 ( 4 0 }  4 . 0 8 ( 6 2 )  2 . 4 8 ( 1 0 2 ) 
1 9 8 3 3 . 9 1  ( 4 6 )  2 . 0 0 ( 5 2 )  2 . 9 0 ( 9 8 ) 
1 9 8 4  0 . 7 0 ( 4 4 ) 2 . 1 9 ( 5 9 )  1 .  5 5  ( 1 0 3 ) 
1 9 8 5  3 . 1 4 ( 5 0 )  4 . 6 6 ( 6 1 ) 3 . 9 8 ( 1 1 1 )  
1 9 8 6  2 . 1 1 ( 1 9 )  1 .  9 3  ( 2 8 ) 2 . 0 0 ( 4 7 ) 
1 9 8 7  2 . 5 4 ( 6 1 ) 2 . 8 2 ( 6 7 ) 2 . 6 9 ( 1 2 8 ) 
1 9 8 8  3 . 4 3 ( 9 5 ) 3 . 8 6 ( 9 4 ) 3 . 6 4 ( 1 8 9 ) 
•ca l c u l ated a s  the Whi t eh e ad I ndex ( C . J .  Wh i tehead , 
oak m a s t  y i e l ds on w i ldl i fe m an agement areas i n  Tenne s s e e , 
Tenn . Game and F i s h , unpub l . rep . , 1 1pp . , 1 9 6 9 ) ; on a 1 - 1 0  
s c a l e : 0 - 2 . 5  = poo r ,  2 . 6  - 4 . 5  = f a ir , 4 . 6 - 6 . 5  = 
Tab l e  A . 4 .  Cont inued . 
medium , 6 . 6  - 8 . 5  = goo d , 8 . 6  - 1 0  = exc e l l ent . 
b ( � ) . 
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Tab l e  A.5. Mast data• c o l l e c t e d  in Gre at Smoky Moun t a i n s  
Nat i o n a l  P ark , 1977-198 8 .  
Year Wh i t e  oaks Red oaks Wh i t e  and red o ak s  
1977 2.0 0 ( 15 ) b 23 . 96 ( 19 ) 14 . 27 ( 34 ) 
1978 
1979 12.77 ( 51 )  19 . 73 ( 4 2 )  15.91 ( 93 ) 
198 0 2 . 92 ( 7 ) 35.47 ( 54 )  31 . 73 ( 61 ) 
198 1  22 . 46 ( 52 )  21.66 ( 4 2 )  22.10 ( 94 ) 
1982 0 . 75 ( 11 ) 9 . 83 ( 4 5 )  8 . 05 ( 56 )  
198 3  8 .43 ( 9 )  2.17 ( 5 )  6 . 19 ( 14 ) 
198 4  
198 5  27 . 11 ( 55 )  17 . 21 ( 49 ) 22 . 45 ( 10 4 ) 
1986 3.79 ( 6 7 )  8 .31 ( 8 4 ) 6.30 ( 151 ) 
1987 4 .76 ( 77 ) 5 . 8 8  ( 99 ) 5.39 ( 176 ) 
198 8 3 . 26 ( 7 2 )  8 . 26 ( 135 ) 6. 52 ( 207 ) 
•cal c u l ated as M aximum Poten t ial Product ion Index 
( MP P I ) ( Po z z anghera 1990 ) .  
b ( !! ) . 
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Tab l e  A . 6 .  M a s t  data• c o l l e c t ed in Great Smoky Moun t a ins 
Nat 1onal P ar k , 1 9 7 7 - 1 9 8 8 . 
Y e a r  
1 9 7 7  
1 9 7 8  
1 9 7 9  
1 9 8 0  
1 9 8 1  
1 9 8 2  
1 9 8 3  
1 9 8 4  
1 9 8 5  
1 9 8 6  
1 9 8 7  
1 9 8 8  
Wh i t e  oaks 
2 . 0 5  ( 2 1 ) b 
3 . 2 9 ( 6 5 )  
0 . 3 9 ( 4 6 )  
3 . 8 0 ( 5 5 )  
0 . 3 6 ( 4 4 )  
2 . 6 7 ( 9 )  
2 . 9 7 ( 7 2 )  
2 . 1 1 ( 7 4 )  
2 . 6 9 ( 8 4 )  
2 . 1 2 ( 8 6 )  
Red oaks 
3 . 9 5 ( 2 1 )  
2 . 7 6 ( 6 7 )  
4 . 0 6 ( 6 7 )  
2 . 0 7 ( 7 5 )  
1 . 9 2 ( 7 4 )  
1 . 4 3 ( 7 )  
2 . 3 3 ( 7 0 )  
2 . 6 8 ( 9 1 )  
2 . 8 0 ( 1 1 0 ) 
2 . 5 1 ( 1 6 4 ) 
Wh i t e  and red oaks 
3 . 0 0 ( 4 2 )  
3 . 0 2 ( 1 3 2 ) 
2 . 5 7 ( 1 1 3 ) 
2 . 8 0 ( 1 3 0 )  
1 . 3 4 ( 1 1 8 )  
2 . 1 3 ( 1 6 )  
2 . 6 5  ( 1 4 2 )  
2 . 4 2 ( 1 6 5 ) 
2 . 7 5 ( 1 9 4 ) 
2 . 3 8 ( 2 5 0 ) 
•ca l c u l at ed as the Wh i tehead Index ( C .  J .  Wh i t ehead , 
o ak mas t y i e l ds on w i l dl i f e  management areas i n  Tenne s s e e , 
Tenn . Game and F i s h , unpub l . rep . , 1 1  pp . ,  1 9 6 9 . ) ;  on a 1 -
1 0  s c a l e : 0 2 . 5  = poor , 2 . 6  - 4 . 5  = f a i r , 4 . 6  - 6 . 5  = 
medium , 6 . 6  - 8 . 5  = goo d ,  8 . 6  - 1 0  = exc e l l en t . 
b ( !!_ ) . 
1 5 1  
Tab l e  A . 7 .  M a s t  d a t a •  c o l l e c t e d  in o r  adj acent to Harmon 
Den , P i s gah N a t i o n a l  Fore s t ,  1 9 8 3 - 1 9 8 8 . 
Ye a r  W h i t e  o a k s  Red o ak s  Wh i t e  and red o aks 
1 9 8 3  1 .  3 0  ( S ) b 6 . 9 1 ( 1 3 )  5 . 3 5  ( 1 8 ) 
1 9 8 4  9 . 0 1 ( 3 )  2 1 . 3 7 ( 3 8 )  2 0 . 4 7 ( 4 1 ) 
1 9 8 5  7 . 0 0 ( 1 4 ) 2 6 . 5 3 ( 4 3 ) 2 1 . 7 3 ( 5 7 )  
1 9 8 6  0 . 00 ( 2 )  0 . 1 9 ( 1 4 ) 0 . 1 7 ( 1 6 )  
1 9 8 7 9 . 1 1 ( 9 ) 2 . 6 6  ( 7 )  6 . 2 9 ( 1 6 )  
1 9 8 8  6 . 3 5 ( 2 1 ) 1 2 . 6 6 ( 63 )  1 1 . 0 8 ( 8 4 )  
•ca l cu l ated a s  the Maximum Po tent i al P roduct ion Index 
( MP P I ) ( Po z z an gh e r a  1 9 9 0 ) . 
b ( !!_ ) • 
1 5 2  
Tab l e  A . 8 .  Mas t d a t a •  c o l l e c t ed in or adj ac ent t o  Harmon 
Den , P i s g ah Nat i on a l  Fore s t , 1 9 8 3 - 1 9 8 8 . 
Year W h i t e  oaks Red oaks Wh i t e  and red o aks 
1 9 8 3  2 . 9 3 ( 1 4 ) b 3 . 1 1 ( 2 7 ) 3 . 0 5 ( 4 1 ) 
1 9 8 4  0 . 2 5 ( 3 6 ) 2 . 7 6 ( 6 3 ) 1 .  8 5  ( 9 9 ) 
1 9 8 5  0 . 9 7 ( 3 8 ) 3 . 3 1  ( 5 4 )  2 . 3 4 ( 9 2 ) 
1 9 8 6  0 . 0 0 ( 1 8 ) 0 . 2 8 ( 5 8 )  0 . 2 2 ( 8 6 ) 
1 9 8 7  0 . 8 5 ( 3 3 )  0 . 2 8 ( 5 8 )  0 . 4 9 ( 9 1 ) 
1 9 8 8  2 . 2 4 ( 2 9 ) 3 . 4 9 ( 6 8 ) 3 . 1 2 ( 9 7 )  
•ca l c u l at ed a s  the Wh i t ehe ad Index ( C .  J .  Wh i t ehead , 
oak m a s t  y i e l ds on w i l dl i f e  m an agement areas i n  Tenne s s e e , 
Tenn . Game and F i s h , unpub l . r ep . , l lpp . ' 1 9 6 9 ; on a 1 - 1 0  
s c al e : 0 - 2 . 5  = poor , 2 . 6  - 4 . 5  = f air , 4 . 6  - 6 .  5 = 
medium , 6 . 6 - 8 . 5  = goo d , 8 . 6  - 1 0  = exc e l l e n t . 
b ( � ) . 
APP END IX B 
L I FE H I STORY DATA 
1 5 4  
T ab l e  B . 1 .  L i f e  h i s t o ry charac t e r i s t i c s  o f  f e m a l e  b l ac k  bears in 
G r e at.. Smoky Moun t a i n s  National P ar k , 1 9 7 2 - 1 9 8 9 , u s e d  in B EAR 
( Ma t h i s  e t  a l . 1 9 9 0 ) ,  a popu l a t i on mode l . 
Survivors h ip Fec undit y  
Age c l as s  N• R a t e  ( Px )  Rate ( mx ) b  
0 . 5  7 0  0 . 5 4 5  0 . 0 00 
1 . 5  3 8  0 . 8 8 0  0 . 0 0 0  
2 . 5  3 3  0 . 8 6 4  0 . 0 0 0  
3 . 5  2 9  0 . 8 5 2  0 . 5 0 0  
4 . 5  2 5  0 . 8 4 7  0 . 4 2 8  
5 . 5  2 1  0 . 8 3 2  0 . 3 6 0  
6 . 5  1 8  0 . 8 2 8  0 . 4 6 4  
7 . 5  1 4  0 . 8 1 1  0 . 4 7 9  
8 . 5  1 2  0 . 8 1 1  0 . 5 3 6  
9 . 5  1 0  0 . 7 9 4  0 . 5 0 0  
1 0 . 5  8 0 . 7 9 3  0 . 5 0 0  
1 1 . 5  6 0 . 7 8 3  0 . 5 0 0  
1 2 . 5  5 0 . 7 7 8  0 . 5 4 2  
1 3 . 5  4 0 . 7 5 0 0 . 5 0 0  
1 4 . 5  3 0 . 7 6 2  0 . 5 6 2  
1 5 . 5 "' 1 0 . 7 5 0  0 . 6 4 3  
•sa s e d  o n  a t o t a l  popu l a t i on o f  5 9 2  bears . 
bNo . f e ma l e  young per a du l t  f em a l e  per year . 
"'Mean v a l u e s  o f  f em al e  b ears � 1 5  yr . 
1 5 5  
T ab l e  B . 2 .  L i f e  h i s t o ry c h a r ac t e r i s t i c s  o f  fema l e  b l ac k  b e a r s  in 
Che rokee and P i s gah Nat i o n a l  Fores t s , 1 9 7 8 - 1 9 8 9 , u s e d  i n  B EAR 
( Ma th i s  e t  a l . 1 9 9 0 ) , a popu l a t ion mode l . 
A g e  c l a s s  
0 . 5  4 
1 . 5  3 
2 . 5  3 
3 . 5  3 
4 . 5  2 
5 . 5  1 
6 . 5  1 
7 . 5  1 
8 . 5  1 
9 . 5  1 
1 0 . 5  1 
s u rv i v o r s h ip 
R a t e  ( P x )  
0 . 9 5 2  
0 . 8 4 2  
0 . 8 2 1  
0 . 7 9 8  
0 . 7 7 4  
0 . 7 5 8  
0 . 7 5 3  
0 . 7 2 4  
0 . 7 0 9  
0 . 6 8 8  
0 . 3 7 5  
Fecundi ty 
Rate ( mx ) t>  
0 . 0 0 0  
0 . 00 0  
0 . 0 0 0  
0 . 6 2 5  
0 . 4 6 9  
0 . 5 0 0  
0 . 3 3 3  
0 . 5 6 2  
1 .  0 0 0  
0 . 7 5 0  
0 . 6 9 0  
•Ba s e d  o n  a t o t a l  popu l a ti on o f  about 4 0  b ea r s . 
t>No . f em a l e  young per a du l t  f em a l e  p e r  year . 
cMean v a l u e s  o f  f ema l e  b e ar s  � 1 0  yr . 
1 5 6  
VITA 
The s o n  o f  P e ggy and C op l e y  Mc L e an , P e t e r  Kl eppinge r 
M c L e an w a s  b o rn and r a i s ed i n  Cha r l o t t e s v i l l e , V i r g i n i a  
whe r e , i n  1 9 7 4 , h e  was g r adu ated f rom L an e  H i gh S c hoo l . 
P e t e r  a t t ended the Un i v e r s i ty o f  V i r g i n i a  whe r e  he m a j o r e d  
i n  e n v i ronmen t a l  s c i e n c e  a n d  m in o r e d  i n  h i s t o r y . I n  May o f  
1 9 7 8 , h e  was g r adu a t e d  f rom the Un i v e rs i t y  and , that f a l l , 
t au gh t  b i o l ogy and Ame r i c an h i s t o ry at the V i r g i n i a  
E p i s c op a l  S c h o o l  i n  L yn c hb ur g , V i r g in i a . 
A f t e r  wo r k i n g  as a s e asonal r ange r i n  Y e l l ow s t one 
N a t i o n a l  P ark and an adm i s s i on ' s  o f f i c e r  a t  Rando lph-Macon 
wom an ' s  Co l l e ge , P e t e r  e n t e red the m a s t e r ' s  degree progr am 
i n  b i o l o gy at the Co l l ege o f  W i l l i am and M a ry . The re , he 
s tudied the f e eding behav i o r  of o sp r e ys on the Che s ape ake 
Bay and was g r adu a t e d  in 1 9 8 6 . 
P e t e r  b e gan h i s  do c t o r a l  wo r k  on the b l ac k  b e ars i n  the 
smoky Mountains the s umme r  o f  1 9 8 6 and r e c e i v e d  the D o c tor 
of P h i l o s ophy degree , with a maj o r  i n  e c o l ogy , the spring 
of 1 9 9 1 . 
